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Abstract 
The analysi of DNA polymorphism has become an indenspensible tool in 
forensic science and criminal cases. Today, the amplification of Short Tandem Repeat 
(STR) loci using peR is the perfect method for typing biological evidence found at 
crime scenes. Forensic laboratories all over the world have been progressively 
expanding their databases for better discriminat ion among individuals and suspects of 
cnmes. 
The objective of th is thesis was to analyze the DNA profile of nat ive and non­
nat ive populat ions, and to study the similarit ies and dissimilarit ies among them. 
Blood samples were collected from three non-nat ives (Egyptian, Indian and Pakistani) 
and nat ive populat ions from two Emirates (Sharjah and Abu-Dhabi). Eight STR loci 
were used as genet ic markers. These loci were amplified and typed for further 
analysis. Genotype and aUelic frequencies of the eight loci were calculated from the 
observed genotypic frequencies using the gene count method for aU studied 
populat ion groups. Comparison of the two UAE native populat ions (Abu-Dhabi and 
Sharjah) gave no evidence of substructure among them. On the other hand, there was 
clear evidence of substructure when the Indian populat ion was compared to the 
Egypt ian populat ion, based on both ch i-square tests and allelic frequency. The results 
of the eight STR loci indicated that there were greater similarit ies between the three 
Arab groups studied in comparison to the Indian and Pakistani groups. 
This work demonstrated that the eight STR loci, that were analyzed with an 
ABI Prism 3 1 0  Genet ic Analyzer, can be used for obtaining reliable STR typing 
results in forensic analysis and other human ident ificat ion applicat ions. 
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3 8  
Introduction 
Forensic applications depend on the comparison of materials found at the 
crime scene and those suspected persons. When searching, many human traces can be 
examined as criminal evidence including: blood (fresh or dried), semen, hair, bone, 
teeth, vaginal or buccal swabs or tissues. Fresh blood is the most usable tool in 
forensic application. The first system to classify blood types was developed in the 
1900's by Jeffery Alice. These blood types are known to the public as A, B, AB, and 
O. He determined that in each strand of DNA, there are thousands of identical DNA 
sequences. These segments of nucleotides are called "repetitive DNA". The length, 
constitution, and number of the repetitive are different for each person. The 
identification and demonstration of these sequences of nuc 1eotides possessed by an 
individual cell is the bases for DNA identification (Inman, 1997). 
The technique for genetic fmgerprinting (typing) was discovered in 1984 
(I nman. 1997) and caused a revolution in forensic DNA. Realistically, we carmot 
expect two DNA fingerprints to be absolutely identical even if they are derived from 
identical clones (Innis, 1999). There are small sections within DNA molecules called 
"hypervariable regions" that are unique in every individual (Becker, 1995). To study 
these unique sections a set of radiocabelled DNA probes were developed. The size of 
these probes range from 1 12 to 327 bp. When added to a DNA sample, these probes 
will bind in a unique pattern. This pattern, when captured on radiosensitive film, is 
known as a genetic fingerprint. It was estimated that the chance that two unrelated 
individuals have the same pattern is less than 1 part in (103°) (Inman, 1997). Genetic 
fmgerprinting can also be done using hair, semen, bone, tissue or other bodily fluids. 
The application of DNA fingerprints is a natural extension of the forensic 
analysis of hwnan biological evidence. Conventional forensic serological analysis 
consists of the detection of genetic polymorphisms at the protein level, while genetic 
fingerprints involve the study of individual variation directly at the nucleotide 
'equence level. Molecular advancements over the past decades have made fingerprints 
more teasible for forensic casework. 
Genetic fingerprints were first used for criminal investigations in 1985 
( German. 1999) in the United Kingdom, and were first applied to casework in the 
United States by late 1976 ( Gennan, 1999). Today, there are over fifty laboratories, 
both public and private that perfonn forensic DNA analysis (Lee, 1994). 
The hwnan genome consists of approximately ( 3xI09) bp (Stryer, 1999). 
Within each cell 200 �m of DNA is packaged into 2 3  pairs of chromosomes; 22 pairs 
of autosomes and 1 pair of sex chromosomes; two x chromosomes for females and an 
x and a y chromosome for the male (Becker, 1995). 
ST R multiplex systems produce reliable results that link a suspect to a crime 
with high sensitivity (Inman, 1997; Rudin, 1997). The analysis of DNA 
polymorphisms has proven to be a very useful and reliable tool in helping to solve 
criminal cases. Multiplexing of ST Rs is now a well-accepted technique in many 
European court cases. ST Rs are also being used for developing of criminal databases 
in some European countries to link suspects to crime scenes and similar crimes 
committed in different places and different times. Today, the ampli fication of ST R 
loci using PC R which is a method of DNA analysis that ampli fies a speci fic DNA 
(gene) region allowing rapid DNA analysis), is the preferred method for typing 
biological evidence found at crime scenes. 
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Tandemly repeated DNA sequences are widespread throughout the h uman 
genome and show such sufficient variability among individuals in a population that 
have become important in several fields including genetic mapping, linkage analysis 
and human identity testing. These tandemly repeated regions of DNA are typically 
clas'i fied into several groups depending on the size of the repeated region. 
Minisatellites consist of a variable number of tandem repeats, with a core repeats of 9-
80 bp ( Moh ammed, 200 1), while micro satellites contain short tandem repeats of 2-5 
bp in length. (Sheeler, 1987). The forensic DNA community has moved primarily 
towards tetranucleotide repeats, which may be amplified using the PC R with greater 
fidelity than dinucleotide repeats. The variety of alleles present in a population is such 
that a high degree of discrimination between individuals in the population may be 
obtained when multiple ST R loci are examined ( Gill, 1995). 
PC R- based STR analysis has several advantages over conventional methods 
of DNA analysis such as Restriction Fragment Length Polymorphism ( RFL P) and 
Variable Number Tandem Repeats (VNTR) ( Mohamed, 2001). The first of these 
advantages is the small size of ST R loci, which improves the chance of obtaining a 
result, particularly for samples containing minute amounts of DNA that might also be 
degraded. Second, it makes DNA fragments ideal candidates for co-amplification 
while keeping all amplified alleles smaller than 350 bp. Many ST R loci can therefore 
be typed from a single PC R reaction. The discrete size of ST R alleles allows for a 
better and simpler interpretation of the results. The third advantage is achieving 
results in 24 hours or less with easier standardization and automation ensuring 
reproducible results. 
There are literally hundreds of ST R loci that have been mapped throughout the 
human genome (The Utah Marker, 1995). Several dozens have been investigated for 
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application to human identity testing (Hammond, 1994, Kimpton; 1994; Urquhart, 
1994). These STR loci are found on almost every chromosome in the genome. They 
may be amplified using a variety of PCR primers. Tetranucleotide repeats have been 
mo t popular among forensic scientists due to their high fidelity in PCR amplification, 
although some tri- and pentanucleotide repeats are also in use (Edwards, 1991 c). 
High heterozygosity, regular repeat unit, distinguishable alleles and their 
robust amplification are some of the reasons that make the STRs a desirable forensic 
tool. 
Types of STR: 
There are four types of STR loci, which have been classified based on the 
uniformity of their repeat sequences (Gill, 1995). First, "simple" which consists of 
one repeating unit of identical length and sequence. Examples of simple STRs include 
DSS818, TPOX and CSF I PO, (simple with non-consensus alleles), HUMTHOI and 
F13Al .  Second, compound which consists of two or more adjacent units with distinct 
repeat sequences, such as HUMGABRB I S  and D18SS1, or compound with non­
consensus alleles, (HUMvWA). Third, Complex STRs with regular tetranucleotide 
repeat units (D21S11). Finally, Hypervariable repeats l ike SE33 and D l l SSS4 are 
complex compound repeats and may display many alleles that differ by only one base 
palf. 
Description of STR Loci :  
DSS818 is located o n  the short arm o f  chromosome S at Sq21 -q31. The 
sequence of the repeat unit is AGA T. This locus has the smallest allele sizes 
compared to other used loci, which ranges from 112 to 144 base pairs (7 - I S) in this 
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study. The small size of this locus makes it extremely useful in forensic applications 
especially in highly degraded samples. 
The v WA (von Willebrand) S T R  locus is located on chromosome 12 at 
position 12p 12-pter, between nucleotides 1640 and 1974 of the intron. But the number 
of nucleotides in the intron varies according to the STR allele that is present 
( Mancuso et. al.. 1989). I t  is one of three TC TA tandem repeat regions within intron 
40 of the human von Willebrand factor gene ( Peake et. al., 1990; Ploos et. aI., 1990; 
K impto et aI., 1992). There are two different sequences of repeat units (TCTA) and 
(TCTG) between the two flanking regions (Brinkmann. and Weigand. 199 3 Moler et 
a\., 1994). Micro-heterogeneity is observed in the structure of these alleles (Barber et 
al., 1995). In this study, the size of these alleles ranged from 126 to 166 base pairs 
(allele 13  to allele 2 1). Applicability of this S T R  locus in forensic analysis and 
paternity testing have been widely evaluated. Studies on families were carried out 
without any evidence of mutations (Lorente et ai., 1994; Trabetti et aI., 199 3). This 
locus has been reported to be reliable and robust and therefore it is recommended by 
the E DNAP group ( Kimpton et aI., 1995). 
D13S 17 locus is located on chromosome 1 3  at position 1 3q22- 3 1. The 
sequence of the repeat unit is A GA T. The size of alleles ranges from 168 to 200 base 
pairs. ( Mohamed, 200 1). 
The HUMTHOI locus is located on chromosome 11 at position I 1p 15.5 
with in intron 1 in the tyros ine hydroxylase gene ( Polymeropoulus et aI., 199 1; 
Edwards et aI., 199 1 and 1992). The sequence of the repeat unit is AAT G. More than 
eight alleles have been reported in this locus (Budowlee et aI., 1997; Brinkmann, 
1998) but only 5 of them are common. The repeat region is regularly spaced with 4 
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nucleotides in each repeat except one triple repeat or micro variant type (allele 8.3, 9.3 
and 10.3) where one base (A) of the AA TG is missing ( Puers et aI., 1993). 
The HUMTHOI is a useful marker in forensic analysis and paternity 
investigations (Brinkmann et aI., 199 1; von Orschot et a1., 1996; Neuhuber and 
Radacher 1997). It ha a high heterozygostiy index (Gill and Evett, 1995), and is an 
ideal candidate for obtaining reproducible results between laboratories and 
recommended by the E DNAP group (Kimpton et aI., 1995). 
D7S820 is located on chromosome 7 at position 7 1. The sequence of the 
repeat unit is A GAT. Nine alleles have been described, ranging from 2 15 to 247 bp 
(6- 14) Gill, 1992). However, this locus is not a very good marker compared to v WA 
because it has only 3 or 4 very common alleles and the rest are very rare (Inman, 
1997). 
Locus T POX is located on chromosome 2 at position 2p23-2pter. The 
sequence of the repeat unit is AA T G. It was identi fied within intron 10 of the human 
thyroid peroxide gene (TPOX) (Anker et aI., 1992). All alleles in this locus differ by 
one four repeat unit and therefore it is classified as a simple repeat STR type Stryer, 
1999). Eight alleles have been described, ranging from 224 to 252 bp ( Mohammed, 
200 1). However, this locus is not a very good marker compared to v WA because it 
has only 3 or 4 very common alleles and the rest are very range. 
D 16S539 locus is located on chromosome 16 at position 16q24-qter. The 
sequence of the repeat unit is A GAT. This locus is a simple STR type whose alleles 
differ by one to four bp repeat units. Nine alleles have been described, ranging from 
264 to 304 bp (5- 15). However, this locus is not as good as v WA because it has only 
3 or 4 common alleles and the rest are very rare. 
6 
Human CSF1PO locus is located on chromosome 5 at 5q 3 3. 3- 34 in the h uman 
c-fms proto-oncogene, which encodes the CS F- 1 receptor. The sequence of the repeat 
unit is AGAT (Hampe et aI., 1989). It can be classified as a simple S T R. Although 10 
alleles have been described, ranging from 29 1 to 327 bp (6-15), th is locus shows 
relatively few common alleles, three to four. 
Amelogenin is not a S T R; it is coincidently the gene for tooth pulp, shows a 
length variation between the sexes. One region of the female form of the gene 
contains a small deletion (6 bp) in non- essential DNA and produces a short product 
when amplified by PC R. When this region is analyzed, a female with two (X) 
chromosomes will show one band. A male with both an (X) and a (Y) chromosome 
will show two bands, one the same size as the female and one slightly larger. 
Of the eight S T R  loci analyzed, s ix are located on d ifferent chromosomes. 
The other two are located on chromosome 5, D5S8 18 and CSFIPO, separated by 
approx imately 22-45 c M  (Holt et at., 2000). 
Forensic analysis is a comparative sCIence where investigators compare 
whatever samples (blood, hair, tissue, swaps, urine, bone) found at crime scenes with 
known samples to determine if they match or have a common origin ( Gill, 1987). This 
comparison can also be very useful for paternity proof and immigration analyses. 
From the forensic point of view, the quality and quantity of samples found at the 
crime scene is critical. Usually limited amount of biological samples is available at 
the scene. 
Over the course of human evolution, a number of partially differentiated 
populations have formed as a consequence of geographic, belief and social 
strati fication. Therefore, it is of primary importance to recognize the various ethnic 
groups represented in the general population. Hence, allel ic frequenc ies are expected 
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to vary between racial groups (Cavali-Sforza and Bodmer, 197 1 ), and it is important 
that databases be established for individual racial groups represented in the general 
popuJation (Mohammed, 200 1 ). 
STRs are structurally similar to VNTRs, which are defined regions of DNA 
that contain multiple copies of short sequences of bases repeated a number of times. 
The numbers of repeats vary among individuals in the population. Amplified fragment 
length polymorphisms (Ampli-FLPs) are PCR-based polymorphic loci that contain 
VNTR "core" units consisting of non-coding sequences. The core units of most STRs 
that are routinely used in casework are composed of 3-6 bps. The number of core 
units in any of the alleles is usually relatively small. Because of the small core unit 
and the small number of repeats, STR alleles are usually under 400 bp. This makes 
degraded samples and samples with very low amounts of DNA easier to amplifY than 
alleles of longer Ampli- FLPs. 
Before the discovery of PCR, DNA typing (DNA profiling) only utilized 
RFLP technology for personal identification. Both RFLP and PCR represent the 
milestones of forensic DNA typing (Inman, 1997; Rudin; 1997). 
H uman genome: 
All living things are composed of cells, the smallest units of life. One cell is 
about 1 1 1 0  the diameter of a hair, and the human body contains about 50- 80 trillion 
cells as it was reported in very recent work (Strachan, 1997). Most cells in the body 
(with the major exception of red blood cells and platelets) contain smaller structure, 
called the nucleus, which is the organization center for the cell. Genetic information 
resides in the nucleus of the cell and is organized into physical structures called 
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chromosomes. Chromosomes are generally transmitted as intact units from parent to 
child. 
Thus, markers residing on one chromosome are inherited together and they 
exhibit genetic linkage. In contrast, markers on different chromosomes are generally 
inherited independently of one another (Stryer, 1999). This principle is called random 
assortment. Markers that exhibit random assortment do not associate with each other 
in a given population. Traits that show random assortment are said to be in linkage 
equilibrium (The random and independent transfer of alleles not linked to each other 
from a father to child). Conversely, markers that show genetic linkage, such as those 
close together on the same chromosome, are in linkage disequilibrium which is to say 
that transfer of alleles linked to each other on the same chromosome and not 
transferred independently and randomly from parent to child) (Becker, 1995). That is, 
in a given population they are associated together more often than chance would 
predict. 
Human cells contain 2 3  palfs of chromosomes. Each person receives two 
copies of each chromosome, one from the father and one from the mother. Different 
forms of the same gene or marker are called alleles, and ABO blood types are an 
example of different alleles of the same gene in humans. When gametes (eggs and 
sperms) are formed, each receives half the genetic complement of the parent at 
random. The chromosomes are distributed so that each gamete contains exactly one 
copy of each chromosome, for a total of 2 3  per gamete. 
One pair of 2 3  chromosomes contains the information that determines gender 
and are designated X and Y; males have one X and one Y chromosome (xy), and 
females have two X chromosomes (XX). Therefore, gender is determined by the 
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paternal contribution. Gender may be determined by DNA testing, and is sometimes a 
useful piece of information in forensic investigation (Inman and Rudin, 1997). 
DNA Structure: 
DNA is double helical molecule. The two ribbon-like entity is enwined around 
each other, and is held together by cross-bars, like the rungs of a ladder. Each rung is 
composed of two bases. which have strong affinities for each other; collectively, these 
forces hold the DNA molecule together. Each rung of two bases is called a base pair. 
Oni) specific pairings between the four bases will match up and stick together. "A" 
always pairs with "Til and "G" with "C". This obligatory paring, called 
complementary base pairing, is exploited by all DNA typing systems. When the 
double helix is intact, the DNA is called double-stranded; when the two halves of the 
helix come apart, either in nature or in a test tube (in vitro), DNA becomes single­
stranded. 
In nature, complementary base-pairing is responsible for the ability to 
accurately replicate the DNA molecule, with its genetic infonnation and pass it on to 
the next generation. Special enzymes unzip the double helix and new building blocks 
(nucleotides) are brought in. Each nucleotide contains one base attached to a piece of 
the sugar-phosphate backbone. Using each half of the original helix as a template, a 
second half is created, result ing in two molecules identical to the original. The order 
of the bases in the new strands is specified by the existing strands. Each original base 
captures a complementary replacement to complete the base pair. This process can be 
recreated in vitro to a limited extent, and is the basis of the PC R. 
There are several advantages to using DNA rather than protein markers. First, 
DNA markers are stable during the run and the result can be read by comparing the 
1 0  
allelic ladder that is run with each samples. Each allele has its own retention time and 
can not overlap with others (Bar et at, 1989; Doran et aI., 1989; Madisen et al; 1987): 
Second, it composition is relatively resistant to environmental alterations (Adams, 
1988, McNally et al. ,  1989); Third, DNA can be obtained from dead and aged 
materials (Paabo, 1985); Fourth, DNA can be typed from minute forensic materials 
(Higuchi et al. , 1988: Hochmeister et aI., 1991) and final ly. DNA can be found in 
almost all biological specimens except for degraded samples . 
The fragments are designated according to the repeat unit number between two 
unique flanking regions (Mohamed, 2001). If alleles contain seven identical copies of 
the repeat unit then it is called allele 7 and allele 8 if it has eight repeat units. The 
STR locus Human Tyrosin hydroxylase (HumTHOJ) contains a non-consensus allele, 
which is one- bp shorter than ten repeat units and is thus called allele 9.3 (Pures et at, 
1993). 
The human leukocyte antigen HLA-DQa gene is located on the sixth 
chromosome (Gyllensten and Erlich, 1988). It was the first to be analyzed using PCR 
(Saiki et aI. , 1986 and 1988) for human identification purposes (Hochmeister et aI., 
1991; Reynolds et aI . , 1991; Blake et aI., 1992; Corney et al., 199 3). The HLA-DQa 
system was introduced to detect 6-7 alleles of the human leukocyte antigen HLA-DQa 
gene (Mohamed, 200 I ). These alleles can be read on strips as blue dots. By 
comparing these dots to a known allelic ladder, unknown alleles ca be read. This gene 
shows substantial individual variation in its base sequence (Ballantyne et al., 1989). 
The size of PCR amplification products of this gene ranges between 2 39 - 242 
bps. Although it is a rapid, easy to use, sensitive and potentially useful test for 
detecting exclusions in forensic analysis, it has limited statistical power for positive 
identification and is rather expensive (I� 1997). 
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Besides the HLA-DQa system there are multiple genes examined in PCR and 
which are caJled Poly Markers ( P M). Simultaneous amplification and typing of several 
loci using several sets of primers in a single test tube under the same set of conditions 
( Multiplexing) has enhanced the capabilities for human identification testing cases. 
Five- sequence-speci fic polymorphic loci are commonly used: First is Low Density 
Lipoprotein Receptor (L DLR), which is a gene located on the nineteenth 
chromosome; the second is Glycophorin A (GYP A), and it is located on the fourth 
chromosome; third is Hemoglobin G Gammaglobin (HBGG), which is located on the 
eleventh chromosome; the fourth is D7S8 and is located on the seventh chromosome; 
and finally Group Specific Components ( Gc), which are located on the fourth 
chromosome. All of these loci are detectable (Budowle et aI., 1995) and are 
commonly used in conjunction with the HLA-DQa locus. The size of the alleles 
ranges from 1 38 bp as in the Gc locus up to 2 14 bp as in L DLR locus. The addition of 
these five loci ( Poly Marker kit) plus the DQa has increased the power of 
discrimination for this system in identity and paternity testing (Bruce et al., 1995; 
Blake et aI., 1992; Kratzer and Bar. 1996). Disadvantages of these markers are that 
each locus consists of a very limited number of alleles (2 or 3) and allelic mixtures 
can not easily be detected. 
D 1 S80 is located on the first chromosome, and was introduced as the first 
VNTR system by Perkin-Ehner in 199 1 (Budowle, 1995). PCR amplification and 
typing of this locus was first described by Kasai R. ( Kasai et aI., 1990). The length of 
the VNTR repeat has been detennined to be 16 base pairs ( Kasai et aI., 1990) and the 
allele sizes range from 350 to 1000 bp. More than 27 alleles have been identified 
(Rand et aI., 1992; Skowasch et aI., 1992; Pinheiro et aI., 1996). The allele 
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designations are based on the number of repeats in the amplified fragments (Sajantila 
and Budowle, 1992). 
The genetic variation among individuals is higher at the DNA level than at the 
protein level. The human genome contains approximately 3xl 09 nucleotides and 
exhibits variation ranging from 1 in every 1 00 to 1 in every 1 000 nucleotides (Chen, 
1998). Variation among humans at the DNA level is, therefore, very useful for 
identification purposes. 
The fast technical development in DNA technology and the increasing 
knowledge of the polymorphisrns in the h uman genome has opened a new dimension, 
particularly in forensic biology. Identity testing by DNA analysis offers a new level of 
confidence for forensic scientists because of the powerful discrimination among 
individuals and potential to identify criminal suspects from a minute amount of 
biological specimen. 
Variation in the human genome is located in DNA regions with unknown 
coding or regulatory function. It was observed that genomic DNA contains multiple 
repeats of certain nucleotide sequences within non-coding regions. The number of 
these repeats differs between individuals and thus gives rise to alleles of different 
length. These types of polymorphism are referred to as length polymorphisrns. There 
can also exist multiple single nucleotide variations at the same locus, denoted as 
sequence polymorphisrns. RFLPs were the first described DNA polymorphism, and 
are caused by single base changes (deletions and insertions) in the human genome. 
Part of these nucleotide variations can be detected using restriction enzymes since 
mutations change the cleavage sites. On the other hand, if a point mutation ( DNA 
polymorphism) removes the site, one of two alleles remains uncleaved. This results in 
restriction fragments of different size that can be separated by electrophoresis and 
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analyzed by Southern Blot hybridization with specific DNA probes. RLFPs are found 
both in coding and non-coding regions of the genome. The total number of known 
RLFP loci is over 2 000 and most of them are poorly informative in linkage studies 
and identification of individuals. 
Identity testing by DNA analysis became a practical reality in 1 985 when Alec 
J. Jeffreys identified the hypervariable "ministellite" or VNT R loci in the human 
genome. Several of VNT R regions can be detected simultaneously using a multi locus 
probes (MLPs), which contains a core sequence common to many of the VNTR loci 
( Innis, 1999). The patterns that revealed after Southern blot hybridization using MLPs 
are termed individual specific "DNA fingerprints". The main probability that two 
randomly chosen, unrelated individuals posses the same DNA fmgerprint has been 
calculated to be 3xIOII when one multilocus probe is used, and thus DNA 
fingerprinting potentially allows an absolute identification of an individual. DNA 
fingerprinting analysis requires a relatively large and qualitative amount of DNA, 
which limits its usefulness in forensic casework. 
A way to overcome the limitations of MLPs in forensic RFLP analysis is to 
use a suitable panel of single locus probes (SLPs), where each probe detects alleles at 
a specific locus in the genome (Mohammed, 2 00 1). Among these are highly 
informative VNT R loci that present a high degree of heterozygosity and variety of 
alleles in several populations. The advantages of SLP typing when compared to MLP 
typing in forensics are the amount of DNA needed is approximately one order of 
magnitude less, and the patterns obtained in the analysis are less complex. Using this 
approach it is possible to obtain a DNA profile which can be unique to an individual. 
A limitation of VNT R typing with SLPs is that the resolution capacity of agarose gel 
electrophoresis is not sufficient to resolve all alleles. To avoid this, some laboratories 
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have developed standardized protocols for the analysis and computer- assisted 
systems for the interpretation of the results. The applicability in forensic analysis has 
been documented by analyzing bloodstains, semen samples and mixed body fluids 
(Gill, 1 985). 
Another class of polymorphisms of the human genome are "microsatellites" 
or (STRs), which belong to the family of repetitive non-coding DNA sequences, 
characterized by length variation in tandem arrays of simple repeat sequences of 2 to 
6 base pairs. STRs provide a rich source of polymorphic markers resulting from 
variations in the number of copies of the repeated motif. They are similar to VNTR 
loci and minisatellite loci, which contain longer repeat units. STR loci display several 
advantages that make them attractive genetic markers. They are very plentiful, 
averaging one trinucleotide tandem repeat locus every 1 5kb in the human genome, 
and they are amenable to PCR amplification by using flanking sequence primers. The 
resulting amplification by fragment of the individual STR loci range from 1 00 to 400 
bp. The characterization of a large number of highly polymorph STR loci along with 
the construction of well-defined allelic ladders for several of the most easily 
interpreted loci, allow increased use of these systems in forensic analysis and 
paternity determination. 
The Y-chromosome is very rich in several classes of repeated DNA sequences. 
Microsatellites are one of these classes of loci. Using these micro satellite loci is a very 
useful tool in the forensic identification of male DNA in rape cases with male and 
female fractions. The Y -chromosome has pseudoautosomal and non-pseudoautosomal 
regions that are male specific. The later is many t imes larger than the 
pseudoautosomal region (Roewer and EppJen, 1 992; Roewer, 1 998; Caglia et aI., 
1 998; Tun et al., 1 999). The non-pseudoautosomal (male specific) region of the Y-
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chromosome is uniparentally i nherited much like mitochondrial DNA (mtDNA), a nd 
therefore it is di splays haploid i nheritance (Chakraborty, 1 99 1 ) . Mitochondrial DNA 
exi sts in all human cells and is  considerably smaller tha n  nuclear DNA at only 1 6,569 
base pai rs (Darnel, 1 990). However, each cell may contain  several hundreds or 
thousands of copies of the mtDNA molecule. 
In cases where biologi cal samples have been so severely degraded by 
environmental factors (skeletal material) that a nuclear DNA profile ca nnot be 
recovered, mtDNA profiling i s  carried out by PCR and sequence variation analysis at 
two hypervari able locations within non-coding areas of the molecule. mtDNA 
profiling is particular ly suscepti ble to contamination and extreme care must be taken 
during processi ng. mtDNA profili ng is the most ti me-consumi ng and rigorous of 
DNA profiling techniques. 
mtDNA profiling cannot provide the same level of discrimination as nuclei c  
D N A  profiling, a s  there are very limi ted number of locations avai lable for testi ng. 
Additionally, i ndividuals i nherit  mtDNA from only the mother rather than from both 
parents as in the case of nuclear DNA (Inman, 1 994). Therefore, any matemalIy­
related indi vidua ls wi ll share the same mtDNA profile. 
Objective of the study: 
This study was conducted on (362) individuals of three different ethnic groups 
that reside in the UAE (Indi ans, Pakistanies and Egyptians) and (229) U AE nationals 
for establishing a PCR-based database for the UAE population. T hi s  database can be 
implemented in the UAE criminal justice system to track criminals and help solve 
criminal cases. One of the most important objectives was to di scover any significant 
differences between U AE natives, and between UAE and other ethnic groups that 
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reside in UAE, and then compare the results with other STR loci studies from all over 
the world. The data obtained wil  also be helpfu l in the future for statistical and 
medical needs. 
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M aterials and M ethods 
Sam ple Collection:  
Blood samples were collected from two DAE native populations (Abu-Dhabi 
and Sharjah) and from three other populations from di fferent ethnic groups within 
DAE that are considered large populations. T hese groups include Egyptai n, Indian 
and Pakistani populations. Samples were collected randomly to comply with the 
regulations of many scienti fic communities such as the National Research Council 
(NRC) and the International Society for Forensic Genetics (I SFG). According to these 
bodies. any samples should be collected randomly in order for any marker to bui ld up 
a reference database. Blood were collected from UAE blood banks located in Abu­
Dhabi and Shrujah and from blood of suspects and victims of crimes in Abu-Dhabi ,  
which were sent t o  the Abu-Dhabi Forensic Lab. 
Based on the recommendation of the I SFH in thei r 1 99 1  and 1 992 reports and 
the NRC in their 1 992 and 1 996 reports, whi ch recommend to collect samples from 
1 00 to 200 unrelated individuals for each DNA system to assess allele frequencies, 
whole blood samples were collected from 1 00 individuals from Sharjah, 1 29 from 
Abu-Dhabi .  1 2 1 from Indians, 1 20 Pakistani and 1 2 1  from Egyptains. 
Eight tetranucleotide repeat ST R loci plus the gender marker were amplified 
as a co-amplification of ni ne loci i n  a si ngle test tube using the PCR technique. 5 9 1  
indi viduals from Shatjah, Abu-Dhabi ,  India, Egypt, and Pakistan were analyzed and 
typed. 
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Sample preparation : 
Blood samples were taken by veni puncture and collected in  EDT A tubes 
(Belliver Industrial Estate,UK) and prepared by using 1 00% cotton fabric swatch 
stain  cards. air dri ed and stored at -20 °C before being used for the study. 
DNA was extracted from blood card samples usi ng the orgaruc 
phenol/chloroform method (FBI Protocol for DNA), followed by Micrcon filtration ( 
Amicon, Inc., Beverly, MA). 
Blood sample packaging: 
All  blood samples from Abu Dhabi and Sha rjah were sent to the Abu-Dhabi 
forensic science laboratory. On arrival, samples were aliquoted into 2 or 3 steri lised 
1 .5 -ml micro centri fuge tubes. In addition, 1 00% cotton fabric swatch stai ns (4 cm x 6 
cm) were prepared and dried at room temperature. 
C hemicals : 
Chemi cals were used for thi s  study were obtained from many scientific 
companies such as: Sigma (UK), Fi sher (UK), Promega (USA) and BDH (UK). 
Nucleic acid extraction : 
DNA was extracted by usmg the organic phenol-chloroform method (FBI 
Protocol for DNA). The bloodstai n  (approximately 3-mm by 3 mm) was placed i n  a 
2.2 .  ml micro centrifuge tube (Costar 32 1 4) and digested in 450 J.!ls of extraction 
buffer ( 1 0  N TRIS-HCL, l O  mM EDTA, 50 mM NaCI, 2% SDS) and 1 5  /-ll proteinase 
K solution (20 nglJ.!I). The tubes were i ncubated at 56 °C overnight ( 1 8  hours 
minimum 124 hour maximum). The DNA was extracted twice wi th phenol (phenol :  
Chloroform: Isoamyl alcohol 25:24 : 1 v/v) and once with butanol. The DNA­
containing aqueous phase was subjected to ultra-filtration with Mi crocon -1 00 
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microconcentrators (Amicon). The quality and quantity of extracted DNA was tested 
by running a yield gel (Metwally, 1 999). 
Sample were stored at 4°C.  Prior to the use of samples, after storage they 
were vortexed briefly and spun in a micro centrifuge for 5 seconds. 
Electrophoresis of DNA: 
Mini-gels were used to assess digested DNA and estimate the quality and 
quantity of extracted DNA. 
The appropriate (0.250 g) weight of agarose (SeaKem 1 % w/v) was added to 
25 mI of 1 X T AE (0.09 M Tris-Acetate, 2 mM EDT A) required for the gel being 
cast. The agarose suspension was heated in a microwave oven until all the agarose had 
dissolved. The agarose solution was then allowed to cool to around 60°C at which 
point 2.5  II I of ethidium bromide ( 1 0  mg/ml) was added to a total volume of 55 ml 
and mixed by swirling. The gel solution was then poured into the electrophoresis 
apparatus and allowed to set for 30 min. Sufficient 1 X TBE running buffer was then 
added to just submerge the geL The DNA samples to be loaded were mixed with 2.0 
III of loading buffer (0.25% bromophenol blue w/v + 40% sucrose w/v) (Sambrook. et 
al. .  1 989). Human molecular weight DNA standard samples of known quantity (these 
standard are pre-mixed with gel dye solution and have the following concentratins/ Ill :  
250 ng, 1 25 ng, 63 ng, 3 1  ng, 1 5  ng, 7.5  ng) and quality run adjacent to the unknown 
samples. 
The gel was run at 1 00 to 1 20 V until the bromophenol blue had migrated two­
thirds of the way down the gel. The DNA in the gel was visualised by fluorescence of 
bound ethidium bromide under UV light (3UV transilluminator 3 02 nm Ultra Violet, 
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Upland, CA, USA). The gel was photographed using a polaroid camera and polaroid 
Kodak film and the amount of DN A recovered from each sample was estimated. 
The DNA Profil ing Process: 
The GenePrint™ PowerPlex™ 1 .2 system kit (Promega Corporation, 
Madison, WI, USA) which is commercially available was purchased and used to co­
amplifiy eight s imple tetrameric short tandem repeat (STR) loci. The eight loci are as 
the following: D5S8 1 8, D 1 3S3 1 7, D7S820, D 1 6S539, vWA, THa i ,  TPOX, and 
CSFI  po plus a sex determining (amelogenin amplification) locus. 
M ultiplex peR:  
Multiplexing o r  co-amplification is the simultaneous amplification for more 
than one locus in a single tube under the same conditions and which was introduced in 
1 988(Chamberlain, 1 988). The co-amplificat ion of  the eight STR loci plus the 
amelogenin locus was performed according to the manufacture's  instructions except 
that one third of total reaction voltune was used. Each sample contained 5 .7  J..! 1 of 
Milli-Q water, 0 .8  J..! l Gold STR l OX buffer, 0 .8 J..! l PowerPlex ™ 1 . 2 1 0X Primer Pair 
Mix, 0.2 J..! l AmpliTag Gold™ DNA polymerase , and 0.5 - 2 .5  J..! l (2-5 ng) diluted 
DNA added to each reaction mixture. 
The ntunber of reactions to be set up was determined (usually 24) including 
posit ive (5 ng K526) and negative (Milli-Q water) control reactions. Reactions were 
mixed gently in 1 . 5-ml amber-coloured rnicrocentrifuge tubes. The reaction mixture 
then was allocated in 24 0.2-ml (thin-walled) thermo pre-labeled tubes. The DNA 
template then was added to each 0.2 ml tube and all tubes then placed in the 2400 
thermal cycler (Perkin-Elmer, Applied Biosysterns). Throughout this procedure, 
aerosol-resistant pipette t ips (Life Science International, UK) were used. 
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Applied Biosystems (A. Bio) Division has developed several k its, which 
amplify many STR loci. First kit was developed in 1 996 and called AmpFI STER® 
Profiler Plus™. It can detect nine tetra nucleotide STR loci (HUMvW A, HUMFGA, 
D3S 1 35, D5S8 1 8, D7S820, 08S 1 1 79, 0 1 3S3 1 ,  0 ] 8S5 1 and 02 1 S 1 1 ) . Later, A. Bio 
developed a second kit called AmpFI STER® cofiler Plus™. This kit is able to detect 6 
STR loci (HUMTH0 1 ,  HUMTPOX, CSF 1 PO, 03S 1 3 5, D7S820 and 0 1 6S539) .  A 
third kit called SGM plus can detect 1 0  STR loci (HUMvWA, HUMTH0 1 ,  
HUMFGA. D 1 9S433, 03S 1 35,  D65477, D8S 1 1 79, D 1 8S5 1 and 02 1 S 1 1 ) . Identifiler 
k it was developed to detect 1 5  STR loci (D2S 1 338, 03S 1 358,  D5S8 1 8, D7S820, 
D8S 1 1 79, D 1 3S3 1 7, D 1 6S539, D 1 8S5 1 ,  D 1 9S433, D2 1 S 1 1 ,  THO l ,  vWA, TPOX, 
FGA, CSF1 PO,). All these kits contain probes for a gender-specific marker, called 
amelogenin. 
On the other hand, Promega Company developed a kit in 1 993 to detect STR 
loci by using silver staining. Then it was fol lowed by the first multiplex system in 1 994 
called the CCT system that had the abil ity to detected three STR loci. Fluorescent 
STRs were introduced by the Promega Company in 1 995 and the first megaplex 
become available with the introduction of the Powerplex TM System in 1 997. 
Powerplex™ 1 .2 System become available in 1 998 which allowed the ampilification of 
eight STR loci ( HUMTH0 1 ,  HUMvWA, HUMTPOX, HUMCSFI PO, 05S8 1 8, 
D7S820, D 1 3S3 1 7  and 0 1 6S539) plus the amelogenin locus. Powerplex™ 1 6  system 
was released in 2000 which detects 1 5  STR loci ( HUMTHO l ,  HUMvWA, 
HUMTPOX, HUMCSFI PO, HUMFGA, Penta E, Penta D, D3S 1 358,  D5S8 1 8, 
D7S820, 08S 1 1 79, D 1 3S3 1 7, D 1 6S539, D 1 8S5 1 and 02 1 S 1 1 )  plus Amelogenin locus 
using three fluorescent dyes (Sprecher et aI., 2000). 
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Since the development of all these kits, the discrimination power of the STR 
test in forensic ca ework has been increased. That had a posit ive impact on the courts 
and helped the legaJ system in all cases. 
It should be noted that Gold STR l OX buffer and PowerPlex ™ 1 .2 l OX 
Primer Pair Mix was thawed and stored on ice. Each reagent was mixed by vortexing 
for 5 - 1 0  seconds before each use. 
Storage conditions: 
All  materials were stored at -20 °C. The PowerPlex™ 1 .2 l OX primer pair 
mix, PowerPlex™ 1 .2 allelic ladder mix, THa I allelle 9 .3 ,  CXR fluorescent ladder 
and matrix standards were stored in the dark. The post amplification components 
(allelic ladder, THa I allele 9.3, fluorescent ladder and matrix standard) were 
packaged separately to prevent cross-contamination. 
STR amplification:  
Volumes were multiplied by the number of samples to be amplified including 
controls as and a master mixture was prepared as follows: 
AmpF/STR@ PCR Reaction Mix (2 1 .0 �l) was added to a Primer Set ( 1 1 .0 J.!1), 
and AmpliTaq Gold ® ( 1 .0 J.!l) .  A volume of 30 J.!l master mix was added to each tube, 
and then 20 J.!l of the extracted DNA was added to the tubes containing the master 
mix. The tubes were labeled as test samples. For the positive control, a volume of20 
J.!l of 0.05 ng/J.!1 FSB was added to the tube labeled as a positive control. For the 
negative control, 20 J.!l of sterile filter-purified H20 was added to the master mix tube 
and labeled as negative control .  After incubation, the amplification process was 
started using the Perkin-Elmer GenerAmp@ PCR System 2400 Thermal Cycler. 
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Southern Blot Quantification : 
Hybond N+ ( Amersham International plc. ,  Amersham, UK) nylon membrane 
was used as a sol id support matrix and the modified method of Southern ( 1 975). 
The blotting apparatus was washed with 1 0% bleach, fol lowed by distilled 
water, soaked in 0. 1 % SDS for 2 to 3 minutes, and rinsed with distilled water. The 
apparatus was placed in disti l led water and shaken until used. S lot blot hybridization 
solution and wash buffer were warmed to 50 °C before use. 
Then a microfuge tube was labeled for each sample to be quantified. Two 
hundred �ls of 0 .5  N NaOH - 0.5 M NaCl were added to each tube. Sample DNA was 
also added to each tube for denaturation: approximately 1 I 1 0th DNA sample volume. 
Samples then were incubated at room temperature for a minimum of20 minutes. 
A tube was labeled for each standard to be quantified. An appropriate volume 
of 0.5 N NaOH - 0.5 M NaCl was added (200 �l per sample well). Also an 
appropriate volume of standard DNA ( 1  0 �l per sample well) was added to each tube 
for denaturation. Tubes were incubated at room temperature for a minimum of 20 
minutes. A labeled membrane (Pall B iodyne ™ A) was then placed in a box 
containing 2X SSC (blotting buffer) and soaked for a minimum of 2 minutes. The 
membrane was then applied to top of Southern blot apparatus (Bethesda Research 
Laboratories), the clamp vacuum was turned on, and then sample vacuum was turned 
on for 1 0  seconds. When finished, the sample vacuum was turned off. 
Samples were applied to the wells in the slot blot apparatus. When all samples 
had been added, the sample vacuum was turned on very slightly (until air movement 
is heard). The vacuum was left on for 5 minutes. If sample volume has not drawn 
through, then water was gently drawn up and reapplied to sample well to dislodge air 
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bubbles. 200 JlI 0 .5 N NaOH - 0.5 M NaCl were then added to all sample wells after 
turning the sample vacuum on to full and left for 2 minutes. 
After 2 minutes, the clamp and sample vacuums were turned off, the 
membrane was removed and placed in a box containing Southern blot membrane rinse 
buffer, and then shaken at room temperature for 5 minutes. The slot blot apparatus 
was washed with ) 0% bleach followed by disti l led water, and soaked in 0. 1 % SDS for 
2 to 3 minutes. The apparatus was rinsed, placed in disti l led water and shaked for a 
minimum of 5 minutes, then removed and allowed to air dry. The membrane was then 
removed from box and drained, and laid onto an ultraviolet light box or Stratalink for 
90 seconds. 500 mIs of 2X Wash Buffer and 500 mI of 1 X final wash were prepared. 
2X Wash Buffer was kept at 50 °C while I X  final wash was kept at room temperature. 
Pre-hybrid ization membranes: 
Nylon membranes were incubated in 30  mI hybridization solution at 50 °C for 
20 minutes in a shaking water bath. 7.5 Jll probe was then added to the box 
containing the membranes, and incubated at 50 °C for 20 minutes in a shaking water 
bath. Hybridization solution was decanted and 250 mIs of 2X Wash Buffer were 
added. The membranes then were shaken at 50°C for 1 0  minutes. This step was 
repeated one more t ime, after which the wash buffer was removed and 250 mIs of 1 X 
Final Wash Buffer were added and the membrane were shaken at room temperature 
for 5 minutes. This step was repeated one more t ime before decanting I X  Final Wash 
Buffer. The membranes were blotted on Whatman paper and all excess liquid was 
removed. 
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The membranes were placed into a box containing Lumi-Phos@ Plus for 5 
minutes with gentle rocking and then were placed in development folders. The folder 
was heat sealed and trimmed. The film was removed after 30 minutes - 2 hours. 
Amount of DNA is est imated in each sample by comparison with the 
appropriate standards. Then the total DNA yield and DNA concentration for each 
sample were calculated. The intensity of each sample must fal l  below the 20-ng 
standard intensity. If the intensity exceeds the 20 ng standards, the sample must be 
diluted appropriately and the slot blot procedure repeated. 
Genetic Analyzer: 
The ABI PRlS� 3 1 0  Genetic uses a capillary electrophoresis system that 
removes the need to pour and load conventional slab gels. Its highly automated and 
easy-to-use format makes it widely used in many laboratories. DNA fragments can be 
separated in the capillary tubes, which are filled with Performance Optimised 
Polymers (POP-4). This instrument can analyze 48/96 samples each t ime and yields 
extremely reproducible results at a rate of approximately 30 min per sample. 
GeneScan® analysis software which, works with the data collection software 
(multicolor fluorescent data), can quickly and accurately analyze (PCR) samples. 
Using an internal size standard that is injected with each sample, GeneScan software 
can automatically size the PCR products. 
There are several different dye sets that can be used in different types of 
experiments. In this study a set of three different fluorescent dyes were used and 
these dyes are TMR (yellow), Fluorescein (blue), and CXR (red). The fluorescence 
from each dye set is collected using the correct virtual filter set (A, B, C, etc.) .  Virtual 
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filter set A was selected in this experiment, which corresponds to this particular dye 
set and selects the module file OS POP3 A. 
M atrix file preparation: 
A matrix file was generated for the filter set. A set of our standards was run 
under the same capillary gel conditions as used for samples and allelic ladders. 
Fluorescein matrix standard, TMR matrix standard and fluorescent ladder (CXR) were 
included with the kit and were used for the blue, yellow and red standards, 
respect ively. For the fourth colour (green), the HEX matrix standard (PE, Applied 
Biosystems, USA) was used (Mohamed, 200 1 )  (Figures 1 and 2). 
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Figure ( 1 ) : The GenePrint PowerPlex 1 6  System. The GenePrint PowerPlex 1 6  
System, show a single DNA template (0.5ng) that was ampli£ed using the PowerPlex 
1 6  l Ox Primer Pair Mix.. The ampli£cation products were mixed with the internal lane 
Standard 600 and run on an ABI PRISM 3 1 0  Genetic Analyzer using a 3-second 
injection time. The results were analyzed using GeneScan Analysis Software. Panel 
A: An electropherogram showing the peaks of the fluorescein-labeled loci, D3S 1 358, 
THO I ,  D2 1 S 1 1 ,  D I 8S5 1 and Penta E.  Panel B :  An electropherogram showing the 
JOE-Labeled loci, D5S8 1 8, D 1 3 S3 I 7, D7S820, D 1 6S539, CSF I PO and Penta D. 
Panel C :  An electropherogram showing the peaks of the TMR-Labeled loci, The 
Amelogenin, vWA, D8S 1 1 79, TPOX, and FGA. Panel D: An electropherogram 
showing the fluorescent ladder (CRX), 60-600 bases, is shown in red and it is used as 
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Figure (2) :  The four matrix samples from the GenePrint Matrix. The four matrix 
samples from the GenePrint Matrix FL-JOE-TMR-CXR kit were run on an ABI 
PRlSM 3 1 0 Genetic Analyzer. A matrix was made using the GeneScan Analysis 
Software, and the resulting matrix was applied to the matrix samples files, and the 
sample files were then analyzed for their respective dye color. 
The panels show the results for the Fluorescein Matrix, the JOE Matrix, the 
TMR Matrix, and the CXR Matrix. The STR loc� D3S 1 358, THO I ,  D2 1 S 1 1 ,  and 
D 1 8S5 1 shown in Blue are labeled with fluorescein. The STR loci, D5S8 1 8, 
D 1 3 S3 1 7, D7S820, D 1 6S539, and CSF I PO shown in green are labeled with 6-
carboxy-4' ,  5 '-dichloro-2' ,  T-dimethoxy-fluorescein (JOE). The amelogenin locus 
and the STR loc� vW A, D8S 1 1 79, TPOX, and FGA shown in black are labeled with 
carboxy-tetramethylrhodamine (TMR). The Internal Lane Standard 600 shown in red 
is labeled with carboxy-x-rhodamine (CXR). 
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DNA typing: 
Loading cocktail was prepared by combining and rruxmg 1 . 5 !-l l of the 
fluorescent ladder containing carboxy-X-rhodarnine labelled fragments (CXR), 60-
400 bases ( included with the kit) a Intemal Lane Standard (ILS), with 1 7  !-ll of 
deionised formamide (Fluka, Gillingham-Dorest, UK) in 0.5 mJ tube for each sample 
to be run. 2 !-l1 of each PCR sample product was mixed with 1 8  !-ll of the loading 
cocktail and 2 ).11 of PowerPlex 1 .2 allelic ladder mix were also mixed with 1 8  ).11 of 
the loading cocktail .  Amplified sample peaks under 2000 rfu are ideal. There may be 
instrument-to-instrument variation in pea k  intensity detected using the same sample; 
therefore. injection time or the amount of product mixed with loading cocktail may 
need to be increased or decreased, according to instrument sensitivity. The ILS 
volume used in the loading cocktail can also be increased or decreased, to  adjust the 
relative ILS intensity (peak heights) to the amplified sample peaks. 
The samples were denatured at 95 °C for 3 min and immediately chilled on ice 
for 3 min. All tubes were placed into an autosampler tray that holds 48 tubes (0.5 rnl). 
Capillary electrophoresis (47 cm x 50 !-lID) was run with an ABI PRIS� 3 1 0  Genetic 
Analyser (PE Applied Biosystems, USA). The running buffer, 1 X Genetic Analyser 
Buffer, was used. The polymer was injected into the capillary at the anodic side. 
Samples were injected electro kinetically at the cathodic side for 5 s at 1 5 k V in 
Performance Optimised Polymer 4 (POP4™; I rnl glass syringe). Electrophoresis 
was performed at a voltage of 1 5  kV for 24 min and the capil laries were kept at 60 °C.  
A number of methods have been used to analyze STRs. The most commonly 
used methods use polyacrylamide gels to separate the PCR products. Unlabelled 
primers can be detected using either ethidium bromide or the more sensitive silver 
3 0  
staining of the gel. As individual STRs alleles fall into discrete size categories, more 
than one STR reaction can be run for each sample on a gel, since the alleles will not 
overlap. These reactions can be carried out in the same tube, which is called 
multiplexing 
T f the primers are labelled with fluorescent dyes, the peR products can be 
detected using a laser that excites the fluorescent dye, which is then detected by 
sensors. Using fluorescent dyes, a large number of STRs can be analysed 
simultaneously as different dyes can be used, and overlapping STRs can therefore be 
distinguished based on the fluorescence colour detected. 
The allele designation can be calculated in two ways. A size- standard DNA 
can be run and the sizes of the peR products calculated from this, or an allelic ladder 
can be run on the gel and alleles can be calculated by d irect comparison to the ladder. 
An advantage of using fluorescent detection is that the marker DNA/allelic ladder can 
be run in the same lane as the peR reaction. This is possible because the 
markerlladder can be labelled with a different dye than the peR products. This 
technique detects any gel anomalies, which may otherwise result in inaccurate size 
ca1cu lations. 
All data were collected (raw data) usmg the ABI PRISM 3 1 0  collection 
software application, version 1 .0.2, with the GeneScan run module GS POP4 A 
(virtual filter set A). The size of DNA fragments was determined by using the 3 1 0  
GeneScan analysis software application, version 2.0.2 (PE Applied Biosysterns), by 
comparing them to fragments contained in a size standard. 
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Hardy-Weinberg Equil ibrium : 
The Hardy and Weinberg (HWE) method is used to calculate the expected 
proportion of different genotypes in a given population. A population to which the 
HWE is applicable consists of diploid, sexually reproducing individuals. A population 
'hould be under HWE and the allele frequencies should be passed to the next 
generation independently and randomly from a common gene pool. In  the HWE, the 
probabilities of the genotypes can be given by the equation: 
� 2 p- + 2pq + q = 1 .  
where: 
p2 = percentage of homozygous dominant individuals 
q2 = percentage of homozygous recessive individuals 
2pq = percentage of heterozygous individuals; 
and p + q = 1 (where: 
p = frequency of the dominant allele in the population and 
q = frequency of the recessive allele in the population). 
The total frequency of alleles in a population is equal to one and should be 
applicable only to a diploid, and sexually interbreeding populations. HWE depends 
mainly on the existence of a very large size and randomly mating populations 
(Hammond et aI. ,  1 994). 
The Hardy-Weinberg law is important for two reasons. First, it shows that the 
Mendelian mechanism preserves genetic variability which is more important. Second, 
it provides a useful functional relationship between genotype frequencies and gene 
(anele) frequencies where p2 + 2pq + q2 = (p+q)2 = 1 . 
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Mendelism, on the other hand, because it hypothesizes discrete factors (genes), 
preserves variability. The Hardy-Weinberg law demonstrates the idea of preserving 
variability. It shows that, every thing else being equal, the population will quickly 
reach equilibrium and stay there. But that is an ideal situation, that doesn't always 
happen. There is no tendency for either the genotype or gene frequencies to change on 
their own. Other "forces" may change them, like; mutation, migration and selection. 
But there is nothing in the laws of Mendel, themselves, to do so. 
The second point is mostly important to population geneticists. If  HWE can 
be assumed, then we are able to describe the state of the entire population entirely in 
terms of allele frequencies rather than in terms of genotype frequencies. The point is, 
there is a lot fewer alleles than there are genotypes. 
Finally, the importance of the quick approach to HWE is this: Although there 
are many factors that may tend to push a population away from HWE, random mating 
is capable of restoring the equilibrium almost immediately (Mohamed, 200 I ) . 
Consequently, it was found that populations are usually at or near this equilibrium for 
loci for which random mating is the rule. 
Testing for HWE :  
The most common method for testing a population sample for HWE is to use a 
chi-squared test. It is an approximate goodness-of-fit test, which assumes large 
sample size. The test statistic is: 
i = (0 - E)2 I E. 
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Chi-Square Test: 
The chi-square goodness of a fit (i) can be used to test if the observed 
frequencies are different from the value suggested by the null hypothesis. 
The chi-square test can be calculated by using the equation: 
X2 = (Observed - Expected/ / Expected, 
Where 0 is the observed while E is the expected. 
If the probability value (P) is greater than 0.05 we accept the null hypothesis, that the 
difference between the observed and the expected frequencies is not significant. If the 
P value is less than 0.05 we reject the null hypothesis, since a significant difference 
exists between the observed and the expected values (Edwards, 1 99 1 ). 
Exact test 
Exact test was introduced by Fisher in 1 935 ,  and is used to indicate whether 
the population is in HWE or not. A new method was introduced by Guo for the same 
purpose (Guo et aI . ,  1 992) where a P value less than 0.05 shows that the population is 
not in HWE (Abdullah, 200 1 ). 
Two tests were perfonned to test the departure of the observed genotype 
frequencies from the expected ones under the HWE . The exact test for the 
independence of the alleles within individuals was performed for each locus in 
population studied using 2,000 pennutations of alleles. i Values of the Chi-square 
test and P value of the exact test for the population studied are shown. 
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Results and Discussion 
GS500 is termed for GeneScan 500, which also cal led Rox Dye, comes in red 
color, and is used as an internal size standard, which should be added to each tube 
with the formamide so lution. This is a known size of oligonucleotides from 35 bp to 
500 bp. By mean of these size standards, exact sizes of different alleles can be 
determined. 
To be more accurate, allelic ladders of all loci were loaded on each capillary 
electrophoresis, run and injected twice. flanking the amplified DNA samples plus 
posit ive control ( Human cell line k562) and a negative control (Puers, 1 994) were run 
also the allelic ladder. The pro filer plus kit can analyze 9 loci (8 loci plus the 
Arnelogenin locus for sex determination. Allelic windows were constructed using 
±0.5 bp relative to the allelic ladder in order to designate the allelic size of the 
samples. Internal size standards, CXR from Promega Corporation or GS-500 from PE 
Applied Biosystem, was included in each sample run to determine the size of DNA 
fragments and helps in eliminating the inter-capillary electrophoresis variation 
( Kimpton et aI, 1 993) .  The use of size standards and an allelic ladder allows accurate 
and confident assignment of those alleles at tested STR loci that contain many 
different alleles in the human population. When all alleles have been observed in any 
part icular population are combined as a standard, it is called Allelic Ladder. 
Allelic Ladders (Puers et aI., 1 994) of all loci were loaded on each capillary 
electrophoresis run and injected twice, flanking the amplified DNA samples plus 
positive control ( Human cell line k562) and negative control .  Internal size standard 
GS-500 from PE Applied Biosysterns was included in each sample run to determine 
the size of the DNA fragments and to help eliminate inter-capillary electrophoresis 
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variation (Kimpton et al., 1 993). The GeneScan software automatically sized the peR 
products (DNA fragments) (Figures 3 and 4). 
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An Exarrple Forensic STR Multiplex Kit 
i i 
100 bp 200 bp 300 bp 400 bp 
FGA -;..[ 
JOE (f.,,,,eell) 
D5 DB m NED 6'elloHj 
I I I I  I I I I I Ro.Y(red) 
GS5OO-irtemal lane stCVldard 
9 SIRs anplifted along with sex-typing n'Orker arrelogenin in a single PeR reaction 
Figure (3): An Example of Forensic STR Multiplex Kit. It shows a color 
separation of 9 STRs amplified along with the sex- typing marker amelogenin, which 
result from a single peR reaction using the AmpFISTR Pro filer Plus Kit. The size of 
DNA fragment range from 1 00 to 400 base pairs when amplified by the Geneprint 
PowerPlex 1 .2 system detected by the ABI Prism 3 1 0 Genetic Analyser. These results 
are then compared to the allelic ladders, which were included in each run. The 
fluorescein- labeled loci (D5S8 1 8, D 1 3 S3 1 7 and D7S820) are shown in NED yellow. 
The TMR - labeled loci (vWA, FGA and D3S 1 3 58)  are shown in 5-FAM Blue. The 
fluorescein- labeled loci (D8S 1 1 79, D2 1 S 1 1 ,  D 1 8S5 1 and Amelogenin) are shown in 
JOE green. The fluorescent ladder (GS-500 ROX) is shown in red and was used as the 
internal lane size standard. 
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Figure (4): Electrophoretic profile of a DNA sample from two different individuals 
using the Geneprint PowerPlex 1 .2 system for amplification and the ABI Prism 3 1 0  
Gentic Analyser for detection. The AmpF I STR SGM Plus Kit which analyzes 1 0  
STRs and the gender-identification locus. Fragment sizes in base pairs are shown on 
the top and range from 1 00-325 bp. This reading is based on the allelic ladders, which 
are included in the run. The fluorescein- labeled loci peaks (vWA, D3S 1 35 and 
D 1 65477) are shown in Blue color. The fluorescein labeled loci peaks (D8S 1 1 79, 
D 1 8S5 1 ,  D2 1 S l I and Arnelogenin) are shown in green. The fluorescein-labeled loci 
peaks (THO 1 , FGA, and D 1 9S433) are shown in black. 
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Allele Frequencies : 
Capillary electrophoresis was carried out using an ABI Prism 3 1 0  Genetic 
Analyzer (Applied Biosystem) for analyzing the raw data. 
The PowerPlex 1 .2 system (Promega, USA) was used to detect eight different 
tetrameric STR loci plus the amelogenin locus. 
Several studies of allelic and genotypic frequencies have been done in many 
countries such as USA, UK and Sweden. These studies were performed for several 
different ethnic groups such as nationals, who are the UAE citizens, Hispanic, Black 
groups and Orientals (people from the Middle East, Far East and Asia) and results are 
available for researchers. However, no much information is available for native Arab 
or UAE popUlations since allele frequencies are expected to vary between racial 
groups (Cavali-Sforza and Bodmer, 1 97 1 ). 
The very small sizes of  the eight STR loci selected for this study made them 
more likely to be successful on old or severely degraded materials (Gill et aI . ,  1 994). 
Out of eight STR loc� six of them (TPOX, THO I ,  vWA, D5S8 1 8, D7S820 and 
D 1 3S3 1 7) plus the gender marker have DNA fragment sizes :s; 250 bp which is very 
critical when dealing with forensic and paternity cases (Gill et aI., 1 996). 
Data collectt:d from the five groups and 59 ] individuals in the UAE were 
studied and analyzed. Samples were typed at eight STR loci (D5S8 1 8, D7S820, 
D 1 3S3 1 7, D 1 6S539, vWA, THO l ,  TPOX, and CSFI PO. The allele and genotype 
frequencies were calculated. Results were used to compare between the five different 
groups, and compare the two UAE native groups, from Shatjah and Abu-Dhabi. 
The differences in allele frequencies were calculated for the five popUlations 
at the eight loci. The standard deviation (SD) was calculated according to the 
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equation given by Evett and Weir (equation 1 . 1 )  in order to establish the confidence 
interval of the allele within P = 0.95 (Evett and Weir, 1 998). 
/p( l - P) 1 2n 
SD = ± 1 .96 � 
where (p) is the frequency of the allele and (n) is the number of individual. 
The population's allele frequencies were calculated from the observed genotypes and 
were divided by the total number of alleles in each different studied population. Allele 
frequencies and allele frequencies distribution for the eight loci in the two UAE 
populations are shown in (Tables 1 -8). 
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Table ( 1 ): Allele frequencies in Sharjah and Abu-Dhabi individuals for the locus 
CSF I PO. 
Locus: CSFl PO 
Allele Sbarjah (n = 100) SD Abu Dhabi (n = 127) SD 
7 0 0.000 0.004 0.0039 
8 0.005 0.0050 0.004 0.0039 
9 0.035 0.0 1 3  0.035 0.0 1 1 
1 0  0.225 0.030 0.327 0.030 
1 1  0.33 0.033 0.287 0.028 
1 2  0.335 0.033 0.268 0.028 
1 3  0.05 0.0 1 5  0.067 0.0 1 6  
1 4  0 .02 0.0099 0.004 0.0039 
1 6  0 0.000 0.004 0.0039 
Bold numbers represents the maximum and minimum allele frequencies among the 
tested groups. 
Table ( 1 )  shows the CSF I PO locus allele frequencies for the populations in 
Sharjah and Abu- Dhabi. The CSF1 PO locus had three most common alleles 1 0, 1 1  
and 1 2  with a combined frequency of 0.89 and 0.88 in the Sharjah and Abu-Dhabi 
populations respectively. In Sharjah population, the CSF1 PO locus had 7 alleles 
present while there were 9 alleles present in Abu-Dhabi population. Allele 1 4  had the 
lowest frequency (0.02) in Sharjah, while the highest frequency alleles were 1 1  and 1 2  
(0.33).  In Abu-Dhabi, alleles 7, 8, 1 4  and 1 6  showed the lowest frequency of 0.004, 
while the highest frequency allele in Abu-Dhabi was allele 1 0, which had a frequency 
of 0 .33 .  
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Table (2):  Allele frequencies in Sharjah and Abu-Dhabi individuals for the locus 
TH0 1 . 
Locus: THO I 
Allele Shariah (0 = 1 00) SD Abu Dhabi (0 = 129) SD 
6 0.2 1 5  0.029 0.337 0.029 
7 0.25 0.03 1 0. 1 67 0.023 
8 0. 1 65 0.026 0. 1 32 0.02 1 
9 0.25 0.03 1 0. 1 74 0.024 
1 0  0.12  0.023 0. 1 87 0.022 
1 1  0 0.000 0.004 0.0040 
Bold numbers represents the maximwn and minimum allele frequencies among the 
tested groups. 
Table (2) shows the allele frequencies for the THO I locus from the 
populations in the Sharjah and Abu-Dhabi that has 5 and 6 allele numbers 
respectively. In Sharjah, the two most common alleles were 6 and 7 with a combined 
frequency of 0.47. In Abu-Dhabi, the most common alleles were 6 and 8 with the 
same combined frequency (0.47). Allele 1 0  had the lowest frequency (0. 1 2) in 
Sharjah, while alleles 7 and 9 showed the highest frequency (0.25). In  Abu-Dhabi, 
allele 1 1  had the lowest frequency (0.004), and allele 6 showed the highest frequency 
in Abu-Dhabi (0.337). 
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Table (3) :  Allele frequencies in Sharjah and Abu-Dhabi individuals for the locus 
TPOX. 
Locus: TPOX 
Allele Sharjah (n = 100) SD Abu Dhabi (n = 129) SD 
6 0.01 5  0.0086 0.008 0.0055 
7 0 0.000 0.004 0.0039 
8 0.43 0.035 0.465 0.03 1 
9 0. 1 0.02 1 0. 1 32 0.2 1 1 
1 0  0. 1 05 0.022 0. 1 1 6 0.020 
1 1  0.305 0.033 0.248 0.027 
1 2  0.045 0.0 1 5  0.027 0.0 1 0  
1 3  0 0.000 0 0.000 
Bold numbers represents the maximwn and rninimwn allele frequencies among the 
tested groups. 
Table (3) shows the allele frequencies for the TPOX locus that shows 6 and 7 
allele in the Sharjah and Abu-Dhabi populations respectively. In Sharjah., the TPOX 
locus had two most common alleles 1 1  and 1 2  with a combined frequency (0.35). In 
Abu-Dhabi. the most common alleles were 1 0  and 1 1  with a combined frequency 
(0.36). Allele 6 had the lowest frequency (0.0 1 5) for Sharjah, while allele 8 showed 
the highest frequency (0.43). I n  Abu-Dhabi, allele 7 showed the lowest frequency 
(0.004) and highest frequency in Abu-Dhabi was observed for allele 8 (0.465). 
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Table (4) : Allele frequencies in Sharjah and Abu-Dhabi individuals for the locus 
05S8 1 8. 
Locus: D5S81 8  
ADele Shar.jah (n = 100) SD Abu Dhabi (0 = 129) SD 
8 0.015  0.0086 0.012  0.0068 
9 0.03 0.0 1 2  0.047 0.0 1 3  
1 0  0. 1 2  0.030 0. 1 28 0.02 1 
1 1  0.255 0.03 1 0.225 0.026 
1 2  0.4 0.035 0.372 0.030 
1 3  0. 1 65 0.026 0.202 0.025 
1 4  0.01 5  0.0086 0.0 1 6  0.0078 
Bold numbers represents the maximum and minimum allele frequencies among the 
tested groups. 
Table (4) shows the allele frequencies for the D5S8 1 8  locus that has 7 alleles 
in the populations of both Sharjah and Abu-Dhabi. I n  Sharjah, the D5S8 1 8  locus had 
two most common alleles 1 1  and 1 3  with a combined frequency of 0.42. In Abu-
Dhabi, the most common alleles were 1 1  and 1 3  with a combined frequency (0.43). 
Alleles 8 and 1 4  had the lowest frequency (0.0 1 5) for Sharjah, while allele 1 2  showed 
the highest frequency (0.40). In  Abu-Dhabi, allele 8 showed the lowest frequency 
(0.01 2) and highest frequency in Abu-Dhabi was observed for allele 1 2  (0.372). 
44 
Table (5): Allele frequencies in Shatjah and Abu-Dhabi individuals for the locus 
D7S820. 
Locus: D7S820 
Allele Shar.iah (0 = 1 00) SD Abu Dhabi (0 = 129) SD 
7 0.03 0.0 1 2  0.0 1 2  0.0068 
8 0. 1 85 0.028 0. 1 78 0.024 
8 .3  0.005 0.0050 0.004 0.0039 
9 0. 1 45 0.025 0.08 1 0.0 1 7  
1 0  0.3 0.032 0.302 0.029 
1 1  0.22 0.029 0.2 1 3  0.026 
1 2  0.095 0.02 1 0. 1 7 1  0.023 
1 3  0.0 1 5 0.086 0.035 0.0 1 1 
1 4  0.005 0.0050 0.004 0.0039 
Bold numbers represents the maximum and minimum allele frequencies among the 
tested groups. 
Table (5) shows the allele frequencies for the D7S820 locus which show 9 
alleles in both Sharjah and Abu-Dhabi popUlations. In both Sharjah and Abu-Dhabi 
populations, the D7S820 locus had two most common alleles 8 .3  and 1 4  with a 
frequency (0.005) and (0.004), respectively. In Abu-Dhabi, the least common alleles 
were also 8 .3  and 1 4  (0.004). The highest frequency in Sharjah observed was allele 
1 0  (0.30). The highest frequency in Abu-Dhabi was allele 1 0  (0.302). 
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Table (6): Allele frequencies in Sharjah and Abu-Dhabi individuals for the locus 
D 1 3S3 1 7 . 
Locus: D 13S3 1 7  
Allele Sharjah (0 = 100) SD Abu Dhabi (0 = 129) SD 
8 0. 1 65 0.026 0. 1 43 0.022 
9 0.025 0.0 1 1 0.043 0.0 1 3  
1 0  0.08 0.0 1 9  0.07 0.0 1 6  
1 1  0.255 0.03 1 0.298 0.029 
1 2  0.32 0.033 0.298 0.029 
1 3  0. 1 0.02 1 0. 1 24 0.02 1 
1 4  0.05 0.0 1 5  0.023 0.0093 
1 5  0.005 0.0050 0 0.000 
Bold numbers represents the maximum and minimum allele frequencies among the 
tested groups. 
Table (6) shows the allele frequencies for the D 1 3S3 1 7  locus which has 8 and 
7 alleles in the Sharjah and Abu-Dhabi populations, respectively. In both Sharjah and 
Abu-Dhabi populations, the D 1 3S3 1 7  locus had two most common alleles 1 1  and 1 2  
with a combined frequency of 0.575 and 0.596, respectively. Allele 1 5  had the lowest 
frequency (0.005) in Sharjah, while the highest frequency was allele 1 2  (0.32). I n  
Abu-Dhabi observed allele 1 4  had the lowest frequency (0.023). The highest observed 
frequency in Abu-Dhabi was allele 1 1  and 1 2  (0.298). 
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Table (7) : Allele frequencies in Sharjah and Abu-Dhabi individuals for the locus 
0 1 6S539. 
Locus: D 16S539 
Allele Shar.iah (0 = 1 00) SD Abu Dhabi (0 = 129) SD 
8 0.065 0 .0 1 7  0.043 0.0 1 3  
9 0. 1 3  0.024 0. 1 86 0.024 
1 0  0. 1 05 0.022 0.085 0.0 1 7  
1 1  0.3 7  0.034 0.329 0.029 
1 2  0. 1 55 0.026 0.205 0.025 
1 3  0. 1 6  0.026 0. 1 47 0.022 
1 4  0.0 1 0.0070 0.004 0.0040 
1 5  0.005 0.0050 0 0.000 
Bold numbers represents the maximum and minimum allele frequencies among the 
tested groups. 
Table (7) shows the allele frequencies for the D 1 6S539 locus which has 8 and 
7 alleles in the Sharjah and Abu-Dhabi population, respectively. In Sharjah, the 
D 1 6S539 locus had two most common alleles 1 0  and 1 1  with a combined frequency 
of 0.48. In Abu-Dhabi, the most common alleles were 1 1  and 1 3  with the same 
combined frequency (0.48). Allele 1 5  had the lowest frequency (0.005) for the 
Sharjah population, while the highest frequency observed was for allele 1 1  (0.37). In 
Abu-Dhabi. allele 1 4  had the lowest frequency of 0.004, but the allele 1 1  showed 
highest frequency in Abu-Dhabi was (0.329). 
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Table (8) : Allele frequencies in Sharjah and Abu-Dhabi individuals for the locus 
vWA. 
Locus: vWA 
Allele Shar.iah (0 = 100) SD Abu Dhabi (0 = 1 28) SD 
1 3  0.005 0.0050 0 0.000 
1 4  0.04 0.0 1 4  0.035 0.0 1 1 
1 5  0.076 0.0 1 9  0. 1 29 0.02 1 
1 6  0.283 0.032 0.32 0.029 
1 7  0.338 0.033 0.309 0.029 
1 8  0. 1 67 0.026 0. 1 64 0.023 
1 9  0.076 0.0 1 9  0.043 0.0 1 3  
20 0.0 1 5  0.0086 0 0.000 
Bold nwnbers represents the max.imwn and minimum allele frequencies among the 
tested groups. 
Table (8) shows the allele frequencies for the vWA locus which has 8 and 6 
alleles in the S harjah and Abu-Dhabi populations, respectively. Tn  both Shatjah and 
Abu-Dhabi populations, the vWA locus had two most common alleles 1 6  and 1 7  with 
a combined frequency of 0.62 and 63 in the Shatjah and Abu-Dhabi populations 
respectively. Allele 1 3  had the lowest frequency (0.005) in Shatjah and allele 1 7  
showed the highest (0.338). In  Abu-Dhabi, allele 1 4  showed the lowest frequency 
(0.035). The highest frequency in Abu-Dhabi was allele 1 6  (0.32). 
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Table (9): Allele frequencies in I ndian, Pakistani and Egyptian populations for the 
locus I'POX. 
Locus: TPOX 
Indian Pakistani  Egyptian 
Allele (n = 1 20) SD (n = 1 2 1) SD (n = 120) SD 
8 0.3 1 40 O. 030 0.4 1 6 7  0.032 0.5083 0.032 
9 0. 1 1 98 0.02 1 0. 1 500 0.023 0. 1 860 0.025 
1 0  0. 1 074 0.020 0.0542 0.0 1 5  0.066 1 0.0 1 6  
1 1  0.4008 0.032 0.3458 0.03 1 0. 2149 0.027 
1 2  0.0455 0.043 0.0333 0.0 1 6  0.0248 0.0 1 00 
1 3  0.0083 0.0059 0 0.000 0 0.000 
1 4  0.004 1 0.004 1 0 0.000 0 0.000 
Bold numbers represents the maximum and minimum allele frequencies among the 
tested groups. 
Table (9) shows the al1ele frequencies for the TPOX locus which has 7, 5 and 
5 al1ele in Indian, Pakistani and Egyptian populations, respectively. The two most 
common al1eles are allele 8 and 1 1  which have a combined frequency of 0.7 1 5 , 0.763 
and 0.723 in the Indian, Pakistani and Egyptian populations, respectively. Allele 1 4  
had the lowest frequency (0.004 1 )  in the Indian population, while the highest 
frequency was observed in allele 1 1  (0.4008) . In the Pakistani population, allele 1 2  
had the lowest frequency (0.0333), and the highest frequency was allele 8 (0.41 67). In 
the Egyptian population, al1ele 1 2  had the lowest frequency (0.0248) . The highest 
observed frequency in the population was allele 8 (0.5083). 
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Table ( 1 0) :  Allele frequencies in I ndian, Pakistani and Egyptian populations for 
the locus THO I . 
Locus: TH01 
Indian Pakistani  Egyptian 
Allele (n = 120) SD (n = 121)  SD (n = 120) SD 
6 0.3058 0.030 0.2708 0.029 0.2066 0.026 
7 0. 1 488  0.023 0. 1 708 0.024 0.2273 0.027 
8 0.0992 0.0 1 9  0.1375 0.022 0. 1 074 0.020 
9 0.2934 0.029 0.2625 0.028 0.3223 0.030 
9.3 0. 1 446 0.023 0. 1 583 0.024 0. 1 074 0.020 
1 0  0.0083 0.0059 0 0.000 0.0289 0.01 1 
Bold numbers represents the maximum and minimum allele frequencies among the 
te ted groups 
Table ( 1 0) shows the allele frequencies for the THO 1 locus which has 6, 5 and 
6 alleles in I ndian. Pakistani and Egyptian populat ions respectively. In the three 
populations, the THO 1 locus had two most common alleles 6 and 7 with a combined 
frequency of 0.455, 0.442 and 0.434 in the Indian. Pakistani and Egyptian 
populatIons, respectively. Allele 1 0  showed the lowest frequency (0.0083) in the 
I ndian population, and the highest frequency was observed for allele 6 (0.3058). In the 
Pakistani population, allele 8 had the lowest frequency (0. 1 375). The highest 
frequency in the Pakistani popUlation was observed in allele 6 (0.2708). I n  the 
Egyptian population, allele 1 0  showed the lowest frequency (0.0289). The highest 
frequency was allele 9 (0.3223). 
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Table ( 1 1 ) : Allele frequencies in I ndian, Pakistani and Egyptian populations for 
the locus vW A. 
Locus: vWA 
Indian Pakistan i  Egyptian 
Allele (n = 120) SD (n = 1 2 1 )  SD (n = 120) SD 
1 3  0.004 1 0.004 1 0.0125 0.007 1 0.004 1 0.004 1 
1 4  0. 1 653 0.024 0 . 1 042 0.020 0.0744 0.0 1 7  
1 5  0.0868 0.0 1 8 0.09 1 7  0.0 1 9  0. 1 653 0.024 
1 6  0.2066 0.026 0.24 1 7  0.028 0.252 1 0.028 
1 7  0.2273 0.027 0.3 125 0.030 0.2562 0.028 
1 8  0. 1 860 0.025 0. 1 292 0.022 0. 1 405 0.022 
1 9  0. 1 1 5 7  0.02 1 0 .0833 0.0 1 8 0.0826 0.0 1 8  
20 0.0041 0.004 1 0.0250 0.0 1 0  0.0207 0.0092 
2 1  0.0041 0.004 1 0 0.000 0.0041 0.004 1 
Bold numbers represents the maximum and minimum allele frequencies among the 
tested groups. 
Table ( 1 1 )  shows the allele frequencies for the vWA locus which has 9, 8 and 
9 alleles in the Indian, Pakistani and Egyptian populations, respectively. In  the I ndian 
population, the three most common alleles are 1 3, 20 and 2 1  (0.0 1 23) .  While the 
Pakistani population had no common allele. In the Egyptian population, the most 
common alleles were at 1 3  and 2 1  (0.0082). Alleles 1 3 , 20 and 21 had the lowest 
frequency (0.004 1 )  for the Indian population, and the highest frequency was allele 1 7  
(0.2273). In the Pakistani popUlation, allele 1 3  had the lowest frequency (0.0 1 25), and 
allele 1 7  showed the highest frequency in Pakistani population was (0.3 1 25). In the 
Egyptian population, alleles 1 3  and 2 1  had the lowest frequency (0.004 1 ), and allele 
1 7  had the highest frequency (0.2562). 
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Table ( 1 2) :  Allele frequencies in I ndian. Pakistani and Egyptian populations for 
the locus D 1 6S5 3 9. 
Locus: D16S539 
Indian Pakistani Egyptian 
AUele (n = 120) SD (n = 12 1 )  SD (n = 120) SD 
8 0.0826 0.0 1 8  0.0458 0.0 1 3  0.0333 0.0 1 2  
9 0. 1 570 0.024 0 . 1 625 0.024 0. 1 875 0.025 
1 0  0.0785 0.0 1 7  0. 1 333  0.022 0.0667 0.0 1 6  
1 1  0.3719  0.03 1 0.2792 0.029 0.3083 0.030 
1 2  0. 1 860 0.025 0.2750 0.029 0.2625 0.028 
1 3  0 .0950 0.0 1 9  0 .0958 0.020 0. 1 250 0.02 1 
1 4  0.0248 0.0 1 0  0.0083 0.0058 0.0 1 25 0.0072 
1 5  0.0041 0.004 1 0 0.000 0.0042 0.0042 
Bold numbers represents the maximum and minimwn allele frequencies among the 
tested groups. 
Table ( 1 2) shows the allele frequencies for the D 1 6S539 locus which has 8, 7 
and 8 alleles in Indian. Pakistani and Egyptian populations, respectively. I n  the I ndian 
and Pakistani populations, the most common allele was 1 3  with a frequency of 0.0950 
and 0.0958. respectively. While the Egyptian population had allele 1 5  as a common 
one (0.0042). Allele 1 5  had the lowest frequency of 0.004 1 in the I ndian population 
and the highest frequency allele 1 1  (0. 3 7 1 9). In the Pakistani population, allele 1 4  had 
the lowest frequency (0.0083), and the highest frequency was allele 1 1  (0.2792). In 
the Egyptian popUlation, allele 1 5  had the lowest frequency (0.0042), and the highest 
frequency was allele 1 1  (0.3083). 
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Table ( 1 3) :  Allele frequencies in I ndian, Pakistani and Egyptian populations for 
the locus D 1 3 S3 1 7. 
Locus: D13S31 7  
Indian Pakistani Egyptian 
Allele (n = 1 20) SD (n = 1 2 1) SD (n = 1 20) SD 
7 0. 0184 0.0087 0 0.000 0.0041 0.004 1 
8 0. 1 ./ 71 0.023 0. 1 5 89 0.024 0. 1 570 0.024 
9 0. 0956 0.0 1 9  0.0698 0.0 1 6  0.0537 0.0 1 5 
1 0  0. 0772 0.0 1 7  0.08 1 4  0.0 1 8 0.0868 0.0 1 8  
1 1  0.30 15  0.030 0.27 1 3  0 .029 0.2851 0.029 
1 2  0.2757 0.029 0.2829 0.029 0.2893 0.029 
1 3  0 .0588 0.0 1 5  0. 1 240 0.02 1 0.0826 0.0 1 8  
1 4  0.022 1 0.0095 0.0 1 16 0.0069 0.0372 0.0 1 2  
1 5  0.0037 0.0039 0 0.000 0.0041 0.004 1 
Bold numbers represents the maximum and minimum allele frequencies among the 
tested groups. 
Table ( 1 3) shows the allele frequencies for the D 1 3S3 1 7  locus which has 9, 7 
and 9 alleles in the Indian, Pakistani and Egyptian populations, respectively. I n  the 
three populations, the D 1 3  S3 1 7  locus had two most common alleles 1 1  and 1 2  with a 
combined frequency of 0.5772, 0 .5542 and 0.5744 in the Indian, Pakistani and 
Egyptian populations, respectively. In Pakistani population allele 1 4  had the lowest 
frequency of 0.0 1 1 6. The highest frequency in Pakistani population was observed in 
allele 1 2  that was 0.2829. In Egyptian population alleles 7 and 1 5  had the lowest 
frequency of 0.004 1 . The highest frequency in the population was observed in allele 
1 4  that was 0.285 J .  Allele 1 5  had the lowest frequency of 0.0037 in the Indian 
population and the highest frequency allele 1 1  (0.30 1 5). 
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Table ( 1 4) :  Allele frequencies in Indian, Pakistani and Egyptian popUlations for 
the locus D7S820. 
Locus: D7S820 
Indian Pakistani Egyptian 
Allele (n = 120) SD (n = 1 2 1) SD (n = 120) SD 
7 0.0478 0.0 1 4  0.0208 0.0092 0.0208 0.0092 
8 0.2463 0.028 0.2083 0.026 0. 1 750 0.025 
9 0.055 1 0.0 1 5  0. 1 1 67 0.02 1 0.09 1 7  0.0 1 9  
1 0  0.2794 0.029 0.2542 0.028 0.3333 0.030 
1 1  0 . 1 949 0.026 0.2208 0.027 0.2792 0.029 
1 2  0. 1 287  0.022 0. 1 667 0.024 0.0958 0.0 1 9  
1 3  0.044 1 0.0 1 3  0.01 25 0.007 1 0.0042 0.0042 
1 4  0.0037 0.0039 0 0.000 0 0.000 
Bold numbers represents the maximum and minimum allele frequencies among the 
tested groups. 
Table ( 1 4) shows the allele frequencies for the D7S820 locus which has 8, 7 
and 7 allele numbers in Indian, Pakistani and Egyptian populations respectively. In 
the three populations, the D7S820 locus had two most common alleles 1 0  and 1 2  with 
a combined frequency of 0.408 1 ,  0.4209 and 0.429 1 in the I ndian, Pakistani and 
Egyptian popUlations, respectively. Allele 1 4  had the lowest frequency in the Indian 
popUlation (0.0037) while the highest frequency was allele 1 0  (0.2794). In the 
Pakistani population, allele 1 3  showed the lowest frequency (0.0 1 25) and l Uele 1 0  
showed the highest frequency (0.2542). I n  the Egyptian population allele 1 3  had the 
lowest frequency (0.0042) and allele 1 0  showed the highest frequency (0.3333). 
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Table ( 1 5) :  Allele frequencies in I ndian, Pakistani and Egyptian populations for the 
locus CS F I  PO. 
Locus: CSF1 PO 
Indian Pakistani  Egyptian 
ADele (n :; 120) SD (n = 1 2 1) SD (n = 120) SD 
7 0 0 .000 0 0.000 0.0126 0.0 1 4  
8 0 0.000 0.0042 0.0042 0.02 1 0  0.0072 
9 0.0207 0.0092 0.0042 0.0042 0.02 1 0  0.0093 
1 0  0. 1 736 0.024 0.2625 0.028 0.2689 0.0093 
1 1  0.2893 0.029 0.2958 0.029 0.3487 0.029 
1 2  0.4256 0.032 0.3167 0.030 0.2647 0.03 1 
1 3  0.066 1 0.0 1 6 0. 1 042 0.020 0.0504 0.029 
1 4  0.0 1 56 0.0080 0.0 1 25 0.007 1 0.0126 0.0 1 4  
1 5  0.0083 0.0069 0 0.000 0 0.000 
Bold numbers represents the maximum and minimum allele frequencies among the 
tested groups. 
Table ( 1 5) shows the allele frequencies for the CSF I PO locus which has 7 
alleles in both Indian and Pakistani populations and 8 alleles in the Egyptian 
population. In both the Pakistani and the Egyptian populations, there were two most 
common alleles, 8 and 9 with a frequency 0.0042 and 0.02 1 0  respectively. In I ndian 
population, this locus showed one most common allele with a frequency of 0.0207. 
Allele 1 5  showed the lowest frequency (0.0083) in the Indian population, and allele 
1 2  showed the highest frequency (0.4256). In the Pakistani population, alleles 8 and 9 
had the lowest frequency (0.0042). The highest frequency in Pakistani population was 
observed in allele 1 2  (0.3 1 67). In the Egyptian population, allele 1 4  had the lowest 
frequency (0.0 1 26) and allele 1 1  showed the highest frequency (0.3487). 
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Table ( 1 6) :  Allele frequencies in I ndian, Pakistani and Egyptian populations for 
the locus D5S8 1 8. 
Locus: D5S81 8  
Indian Pakistani  Egyptian 
Allele (n = 1 2 1 )  SD (n  = 120) SD (n = 121 )  SD 
8 0.0083 0.0058 0.0042 0.0092 0.02 1 0.0092 
9 0.0496 0.0 1 4  0.0583 0.0 1 6  0.07 0.0 1 6  
1 0  0 .0992 0.020 0. 1 1 67 0.022 0. 1 4  0.022 
1 1  0.3264 0.030 0.3500 0.024 0. 1 74 0.024 
1 2  0.2934 0.030 0.3 1 25 0.03 1 0.393 0.03 1 
1 3  0 .2 1 90 0.027 0. 1 375 0.025 0. 1 82 0.025 
1 4  0.004 1 0.004 1 0.0208 0.0070 0.0 1 2  0.0070 
1 5  0 0.000 0 0.0057 0.008 0.0057 
Bold numbers represents the maximum and minimum allele frequencies among the 
tested groups. 
Table ( 1 6) shows the allele frequencies for the D5S8 1 8 locus which has 7 
alleles in both I ndian and Pakistani populations and 8 alleles in the Egyptian 
popUlation. In both the Indian and the Pakistani populations, alleles 1 4  and 8 were 
most common alleles, with a frequency 0.004 ] and 0.0042 respectively. In the 
Egyptian population, this locus showed one most common allele at 1 5  (0.008). Allele 
1 4  had the lowest frequency (0.004 1 )  in the Indian population and allele 1 ]  showed 
the highest frequency (0.3264). In  the Pakistani population, allele 8 had the lowest 
frequency (0.0042) and the allele with the highest frequency was allele 1 1  (0.3500). In 
the Egyptian population, allele 1 5  showed the lowest frequency (0.008) and allele 1 2  
had the highest frequency (0.393). 
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Table ( 1 7) :  Allele frequencies in Brazilian, Caucasian, African- and H ispanic­
American popUlations for the locus TPOX . 
Locus: TPOX 
Brazilian Caucasian-American African-American H ispanic-American 
Allele (n = 423) (n = 209) (n = 210) (n = 210) 
5 0.001 0.000 0.000 0.000 
6 0.0 1 1 0.002 0.05 0.005 
7 0.004 0.000 0.034 0.002 
8 0.463 0.524 0.353 0.502 
9 0. 1 34 0 .096 0. 1 92 0.089 
1 0  0.065 0.055 0. 1 1 3 0.052 
1 1  0.279 0.285 0.2 1 0.248 
1 2  0.044 0.038 0.048 0. 1 02 
1 3  0.000 0.000 0.000 0.000 
1 4  0.001 0.000 0.000 0.000 
Bold numbers represents the maximum and minimum allele frequencies among the 
tested groups. 
Table ( 1 7) shows the allele frequencies for the TPOX locus which has 9, 7, 7 
and 7 alleles in the Brazilian, Caucasian, African- and Hispanic-American 
populations, respectively. In the Brazilian population, a1Jeles 5 and 1 4  were the most 
common (0.00 1 )  while there was no common allele for other populations. Alleles 5 
and 1 4  had the lowest frequency (0.00 1 )  in the Brazilian popUlation and allele 8 
showed the highest frequency (0.463) .  In the Caucasian population, allele 6 had the 
lowest frequency (0.002) and allele 8 had the highest frequency (0.524). Tn  African-
and Hispanic-American populations allele 7 had the lowest frequency of 0.034 and 
0.002. respectively. The highest frequency in the African- and Hispanic-American 
populations was allele 8 (0.353  and 0.502, respectively) (Lins, 1 998). 
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Table ( 1 8) :  Allele frequencies in Brazilian, Caucasian, African- and H ispanic­
American populations for the locus THO 1 .  
Locus: THOI 
H ispanic-
Brazilian Caucasian-American African-American American 
Allele (n = 423) (n = 209) (0 = 209) (0 = 209) 
5 0.001 0.007 0.005 0 
6 0.22 1 0.239 0. 1 52 0.239 
7 0.220 0. 1 4 1  0.376 0.309 
8 0. 1 1 8  0. 1 20 0.233 0.086 
9 0. 1 6 1  0. 1 53 0. 1 27 0. 1 39 
9.3 0.255 0.335 0.09 0.2 1 8  
1 0  0.022 0.005 0.0 1 8  0.009 
1 1  0.001 0.000 0.000 0.000 
Bold numbers represents the maximum and minimum allele frequencies among the 
tested groups. 
Table ( 1 8) shows the allele frequencies for the THO I locus which has 8, 7,7 
and 6 alleles in Brazilian, Caucasian, African- and Hispanic-American populations 
respectively. I n  the Brazilian population, alleles 5 and 1 1  were the most common 
(0.00 1 )  while the common allele in the Caucasians and African-American was allele 7 
(0.005). Allele 5 and 1 1  showed the lowest frequency (0.00 1 )  in for Brazilian 
popUlation and the highest frequency was allele 9.3 (0.255). In Caucasians, allele 1 0  
had the lowest frequency (0.005) and the highest frequency was allele 9.3 (0.335). In 
the African- and Hispanic- American populations allele 5 and 6 had the lowest 
frequencies (0.005 and 0.009, respectively) and allele with the highest frequency was 
allele 7 (0.376 and 0.309, respectively). (Lins, 1 998). 
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Table ( 1 9) :  Allele frequencies in Brazilian. Caucasian. African- and Hispanic­
American populations for the locus vWA. 
B razilian 
Allele (n = 423) 
1 1  0 .000 
1 2  0.002 
1 3  0.00 1 
1 4  0.089 
1 5  0. 1 39 
1 6  0.232 
1 7  0.273 
1 8  0.204 
1 9  0 .046 
20 0.0 1 2  
2 1  0.001 
Locus: vWA 
Caucasian-Americans 




0. 1 27 
0.083 







(n = 209) 
0.009 
0.0 1 1 
0.064 
0.2 1 1 
0.264 
0.207 
0. 1 43 
0.073 









0. 1 0 1  
0.295 
0.27 1 
0. 1 65 
0.08 
0.0 1 7  
0 
0 
Bold numbers represents the maximum and minimum allele frequencies among the 
tested groups. 
Table ( 1 9) shows the allele frequencies for the vWA locus which has 1 0, 7, 1 1  
and 8 alleles in Brazilian, Caucasian, Afiican- and Hispanic-American populations, 
respectively. I n  the Brazilian population, alleles 1 3  and 2 1  were the most common 
( .00 1 )  while the common allele in the Caucasians and African-American was alleles 
1 7  and 1 5  (0.267 and 0.264, respectively). In the Brazilian population, the vWA locus 
had one most common alleles 1 2, 1 3  and 2 1 ,  had a frequency of 0.00 1 . Where in the 
Caucasian, African- and Hisparnc- American populations there were no most common 
alleles. Allele 1 2, 1 3  and 2 1  had the lowest frequency of 0.001 in the Brazilian 
population while the highest frequency was allele 1 7  (0.273). In the Caucasian 
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population allele 20 had the lowest frequency of 0.02 1 and allele 1 7  had the highest 
frequency (0.267). I n  African- and Hispanic- American populations, allele 2 1  and 1 3  
had the lowest frequencies of 0.002 and 0.005, respectively. The h ighest frequencies 
in the African- and Hispanic-American populations were observed for allele 1 6  (0.264 
and 0.295, respectively). (Lins, 1 998). 
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Table (20) : Allele frequencies in Brazilian, Caucasian, African- and Hispanic­
American popuLations for the locus D 1 6S539. 
Locus: D 1 6S539 
Brazilian Caucasian-American African-American Hispanic-American 
Allele (0 = 414) (n = 2 10) (n = 210) (n = 210) 
5 0.000 0.000 0.002 0.000 
6 0.000 0.000 0 .000 0 .000 
7 0.000 0.000 0.000 0.000 
8 0.001 0.026 0.023 0.012  
9 0.001 0. 1 07 0.205 0. 1 0 1  
1 0  0.000 0.079 0.093 0. 1 8 1  
1 1  0.0 1 4  0.3 19 0.316  0.300 
1 2  0. 1 39 0.269 0 .202 0.268 
1 3  0.09 1 0. 1 67 0. 1 3 3  0. 1 1 8 
1 4  0.295 0.03 1 0 .026 0.0 1 9  
1 5  0.275 0.002 0 .000 0.000 
Bold numbers represents the maximum and minimum allele frequencies among the 
tested groups. 
Table (20) shows the allele frequencies for the D 1 6S539 locus which has 8, 8 ,  
8 and 7 alleles in  the Brazilian, Caucasian, African- and Hispanic-American 
populations, respectively. Alleles 8 and 9 were the most common (0.00 1 )  in the 
Brazilian population. In Caucasians, African- and HispaniC-Americans there were no 
most common alleles. Allele 8 and 9 had the lowest frequency of 0.00 1 in the 
Brazilian population while the highest frequency was allele 1 4  (0.295). Allele 1 5  had 
the lowest frequency (0.002) in the Caucasian population, and allele I I  showed the 
highest frequency (0.3 1 9). In Amcan- and Hispanic-American populations, allele 8 
had the lowest frequencies (0.023 and 0.0 1 2, respectively). The highest frequencies in 
African- and Hispanic-Americans populations were observed for allele 1 1  (0.3 1 6  and 
0.300, respectively). (Lins, 1 998). 
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Table (2 1 ) : Allele frequencies in Brazilian, Caucasian, African- and Hispanic­
American popUlations for the locus D 1 3S3 1 7 . 
B razilian 
Allele (n = 414) 
7 0.000 
8 0. 1 1 5 
9 0.077 
1 0  0.057 
1 1  0.3 1 8  
l 2 0.256 
1 3  0. 1 33 
1 4  0.043 
1 5  0.00 1 
Locus:  D 13S317  
Caucasian-Americans African-American 
(n = 210) 
0 .000 








(n = 210) 
0.002 
0.033 









(n - 210) 
0 000 
0.087 




0. 1 2 1  
0.053 
0.005 
Bold numbers represents the maximum and minimum allele frequencies among the 
tested groups. 
Table (2 1 )  shows the allele frequencies for the D B  S3 1 7  locus which has 8. 7, 
8 and 8 allele numbers in Brazilian, Caucasian, African- and Hispanic-American 
populat ions respectively. I n  Brazilian, African- and Hispanic-American populations, 
there were no most common alleles. I n  the Caucasian population there were two most 
common alleles, 9 and 1 0  (0.052). Allele 1 5  had the lowest frequency of 0.00 1  in the 
Brazilian population, and allele 1 1  had the highest frequency (0.3 1 8). In the 
Caucasian populat ion allele 9 and 1 0  had the lowest frequency (0.052). The highest 
frequency in the Caucasian population was for allele 1 2  (0.307). In  the African- and 
H ispanic- populations, allele 7 and 1 5  had the lowest frequency of 0.002 and 0.005 . ,  
respectively. The highest frequency in the two populations was observed for allele 1 2  
(0.4 14  and 0.244, respectively). (Lins, 1 998). 
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Table (22) :  Allele frequencies in Brazilian, Caucasian, African- and Hispanic­
American populations for the locus D7S820. 
Locus: D7S820 
Caucasian- Hispanic-
B razilian Americans African-American American 
Allele (n = 414) (n = 2 1 0) (n = 210) (n = 210) 
6 0.001 0.002 0.002 0.000 
7 0.025 0.0 1 0  0.0 1 2  0 .0 1 9  
8 0. 1 45 0. 1 55 0. 1 79 0 .099 
9 0. 1 49 0. 1 52 0 .084 0.075 
1 0  0.242 0.295 0.351 0.283 
1 1  0.245 0. 1 96 0 .235 0 .266 
1 2  0. 1 64 0. 1 2 1  0 . 1 1 2 0 .220 
1 3  0.027 0.057 0.0 1 9  0.03 1 
14  0.002 0.0 1 2  0.007 0.007 
Bold numbers represents the maximum and minimum allele frequencies among the 
tested groups. 
Table (22) shows the allele frequencies for the 07S820 locus which has 9, 9, 9 
and 8 alleles in Brazilian, Caucasian, African American and 8 in Hispanic 
populations. I n  all four populations, there were no most common alleles. Allele 6 had 
the lowest frequency (0.00 1 )  in the Brazilian population and allele I I had the highest 
frequency (0.245). In  the Caucasian population, allele 6 had the lowest frequency 
(0.002) and allele 1 0  had the highest frequency (0.295). In African-American and 
Hispanic populations allele 6 and 1 4  had the lowest frequencies (0.002 and 0.007, 
respectively). The highest frequency in the two populations was observed for allele ] 0 
(0.352 and 0.283 , respectively) (Lins, 1 998). 
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Table (23): Allele frequencies in Brazilian, Caucasian, African- and Hispanic­
American populations for the locus CSF I PO. 
Locus:  CSF1 PO 
--
Caucasian- Hispanic-
B razilian Americans African-American American 
Allele (n = 423) (n = 209) (n = 120) (n = 120) 
5 0 .000 0.000 0.002 0.000 
6 0.000 0.000 0.002 0.000 
7 0.006 0.000 0.066 0.002 
8 0.0 1 2  0.002 0.073 0 .005 
9 0.027 0.033 0 .04 1 0 .025 
1 0  0 .25 1 0.254 0.273 0.24 1 
1 1  0 .304 0.306 0.232 0.296 
1 2  0.331 0.330 0.261 0.358 
1 3  0.058 0.062 0.045 0.060 
1 4  0.009 0.0 1 2  0.002 0.007 
1 5  0.002 0.000 0.002 0.007 
Bold numbers represents the maximum and minimum allele frequencies among the 
tested groups. 
Table (23) shows the allele frequencies for the D7S820 locus which has 9, 7, 
I I  and 9 alleles in Brazilian, Caucasian, African- and Hispanic-American populations 
respectively. I n  both Brazilian and Caucasian population, there were no most common 
alleles. On the other hand, alleles 5,6, 1 4  and 1 5  were the most common alleles in the 
African-American population in 5,6, 1 4  and 1 5  (0.002) and allele 1 4  and 1 5  were the 
two most common alleles in the Hispanic population (0.007) combined frequency. 
Allele 1 5  showed the lowest frequency (0.002) in the Brazilian population and allele 
1 2  showed the highest frequency (0.33 1 ). In the Caucasian population, allele 8 
showed the lowest frequency (0.002) and allele 1 2  had the highest frequency (0.330). 
The lowest frequency in the African-American population (0 .002) belonged to alleles 
5,6, 1 4  and I S  while allele 1 2  had the highest frequency (0.273). In the Hispanic 
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population, the lowest and highest were 0.002 and 0.358 for alleles 7 and 1 2, 
respectively (Lins. ] 998).  
Table (24) : Allele frequencies in Brazilian, Caucasian, African- and Hispanic­
American populations for the locus D5S8 1 8.  
Locus: D5881 8  
Caucasian- H ispanic-
Brazilian Americans African-American American 
ADele (n = 414) (n = 2 10) (n = 1 20) (n = 1 20) 
7 0.0 1 1 0.005 0.000 0 .063 
8 0.0 1 1 0.002 0.065 0.005 
9 0.027 0.0 1 0  0.0 1 9  0.058 
1 0  0.066 0.057 0.060 0.058 
1 1  0.378 0.369 0.258 0.384 
1 2  0.344 0.350 0.342 0 .3 1 2  
1 3  0. 1 53 0. 1 90 0 .226 0. 1 14 
1 4  0.005 0.0 1 2  0.028 0.007 
1 5  0.005 0.005 0.002 0.000 
Bold numbers represents the maximum and minimum allele frequencies among the 
tested groups. 
Table (24) shows the allele frequencies for the D5S8 1 8  locus which has 9,9,8 
and 8 allele numbers in Brazilian, Caucasian, African- and H ispanic-American 
populations. In the Brazilian population, alleles 7 and 8 were the two most common 
alleles (0.0 1 1 )  and alleles 1 4  and 1 5  were the other two most common (0.005). In the 
Caucasian population., the two most common alleles are 7 and 1 5  (0.005). The 
Hispanic population also had two common alleles, 9 and 1 0  (0.058). No common 
alleles were observed in the African- American. Alleles 1 4  and 1 5  had the lowest 
frequency (0.005) in the Brazilian population and al1ele 1 1  had the highest frequency 
(0.378). In the Caucasian population, allele 8 had the lowest frequency (0.002) and 
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allele 1 1  had the highest frequency (0.369). I n  the African-American and Hispanic 
population alleles 1 5  and 1 4  had the lowest frequency (0.002 and 0.007, respectively) 
and alleles 1 1  and 1 2  had the highest frequency (0.342 and 0.384, respectively) (Lins, 
1 998).  
The tandard deviat ion (SD) for the observed genotypes for all the five groups 
at eight loci is shown in table 35. 
SD = ± 1 .96 �p( l - P) / n 
There were no significant differences in allele frequency distribution among 
the populat ions tested. However, there were similarities between the three Arabic 
groups and more similarities between the I ndian and the Pakistani population. 
The chi-square test and exact test were perfonned on the populations of the 
five groups. There were some deviations from HWE at D7S820 locus in Sharjah 
population, and at the D5S8 1 8, vWA, THa I and TOPX loci in the Abu-Dhabi 
population. The results of allele frequency distribution, RxC contingency test obtained 
from this study were compared to other studies conducted in the region and with other 
major ethnic groups. 
Overall, the allele frequency distribution observed from the Sharjah and Abu­
Dhabi and Egyptian populations were almost similar to each other, while the 
frequency distribution for the I ndian and Pakistani populations were almost the same. 
However, there were some differences between the three Arab groups and the Indo­
Pakistani populations. 
When I ndian and Pakistani populations residing in the UAE were compared to 
Indian subcontinent (Indo-Pakistani) populat ions residing in the UK at THa I and 
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vWA loci (Evett et al.,  1 997) no significant differences were detected between these 
populations ( Mohammed. 200 1 ) . 
There was no evidence for departures from Hardy-Weinberg expectations 
( HWE) for any loci based on the exact test when the population from Dubai was 
compared with the Omani population. Values were calculated for 9 of the 1 3  loci by 
comparing our data with previously published material from Omanis. The results 
suggest that there is little difference at these STR loci between the Dubaian and 
Omani populat ion. The exact test estimated from these data support the generalized 
recommendations of the National Research Council (NRC) for taking a value of 0 .01  
as  a conservation value for Arab populations (AlKhayat et al., 2002). 
An Arab population database from Dubai has been established for seven PCR­
based polymorphic loci .  The distribution of the genotype frequencies for the various 
loci meet HWE (except for D7S8), and there is no evidence for departure from the 
expectations o f  independence of alleles across loci (Dubai). 
The allele frequency distribution from the two UAE populations were 
compared to Saudi, Qatari, Yemani and Moroccan populations (Abdullah et al., 
2000: Mohammed et al.,  200 1 ; Tahir et al. ,  2000; S inha et al. ,  1 999; Sebatan and 
Hajar, 1 998. Klintschar et aL, 1 998a, b; Brandt- Casadevall et al., 2000; Takeshhita et 
aL 1 997; Mohammed, 2002). The allele frequency distribution observed from the 
UAE samples was similar to almost all other Arabic population groups with some 
exception. 
H-W Equilibrium Test: 
The Chi-square test was used to test for the H-W equilibrium by using TFPGA 
(Miller, 1 997) and GDA (Lewis and Zaykin., 200 1 )  software. 
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The data showed that none of the UAE, Egyptian, or Indian loci observed a 
significant deviation from the H WE (Table 32).  There were no significant differences 
in the distribut ion of allele frequencies between the five groups tested. However, there 
were more similarities between the Arab group and the same was true with the two 
other groups, the Indian and the Pakistani . 
On the other hand, a review of international studies performed on other 
populations showed that deviations were observed when the vWA locus was 
examined in British and Russian populations. There were significant differences 
between the UAE and Saudi popUlation at two loci (vWA and TPOX), the Yemani 
popUlation at the vWA locus, and the Moroccan popUlation at the vWA and TH0 1 
loci, and the Qatari population at the vW A locus (Mohammed et aI. ,  2002). 
The genotyping of samples from two popUlations from Galicia and northern 
Portugal was performed for nine STR loci using a single multiplex reaction with the 
AmpF/STR Pro filer Plus peR amplification kit, which co-amplifies the systems 
D3S 1 3 58,  vWA, FGA, D8S 1 l 79, D2 1 S 1 1 ,  D 1 8S5 1 ,  D5S8 1 8, D 1 3S3 1 7, D7S820 and 
the XY- homologous gene amelogenin. Allele frequencies for these nine 
tetranucleotide repeat markers were calculated and no significant differences were 
observed when comparing these two popUlations. Good conformity with Hardy­
Weinberg equilibrium proportions was observed for all systems in both samples 
(Gusmao and Carracedo, 2000). A multiplex reaction for the eight STR loci D3S 1 3 58,  
FGA, D8S 1 1 79, D2 1 S 1 1 ,  D 1 8S5 1 ,  D5S8 1 8, D 1 3S3 1 7, D7S820 was used to generate 
allele frequency databases for two Hungarian population samples, taken from 
Caucasians from the Budapest area and Romanies from Baranya county. During the 
analysis two intermediate-sized alleles and a sequence variant allele were observed at 
the D7S820 locus. For the loci D3S 1 35 8  and D7S820. the Romany population 
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database showed departures from Hardy-Weinberg equilibria. The forensic efficiency 
values for the Romany population were slightly different from those found in the 
Hungarian Caucasian population. A population should be under Hardy-Weinberg 
equilibrium and the allele frequencies should be passed to the next generation 
independently and randomly from a common gene pool.  H WE depends mainly on the 
existence of a very large size and randomly mating populations. A significant 
deviation from H WE may exist in a very small isolated inbred population. 
Allele frequency distributions at the short tandem repeat (STR) loci vW A. 
FES. F 1 3 AO l and VNTR locus D l  S80 were determined in a Filipino population from 
Metro Manila ( l 03 individuals) by use of the polymerase chain reaction (PCR), 
followed by polyacrylamide gel electrophoresis (PAGE). The exact test demonstrated 
that all four loci had no deviations from Hardy-Weinberg equilibrium ( HWE) with the 
only reservation that the exact test p-value for F 1 3 A0 1 is weak. The observed 
heterozygosity rates are 0.63 for D l S80, 0.66 for F I 3 AO l ,  0.67 for FES, and 0.80 for 
vW A. The exact test for independence between all loci gave a P-value of  0 .0 1 95 
(Halos and Fortuno et at, 1 997). This value (0.02) indicates that there is a deviation of 
such population from HWE (0.05).  The reason for that includes closed, isolated and 
very small population and not randomly mating population. 
Allele distributions for two tetrameric short tandems repeat (STR) loci, 
D2S 1 3 38 and D 1 9S433,  were determined in African-Americans, u.s.  Caucasians, 
southwestern H ispanics, Chamorros, and Filipinos. These two loci are highly 
polymorphic in the five datasets analyzed. There were no detectable departures from 
HWE in any of the sample populations. There was little evidence for association of 
alleles between the loci in these five databases. Departures from expectations of 
independence were observed at D5S8 1 81 D2S 1 33 8  (p = 0.039) in African-Americans; 
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at FGN D2S 1 3 38 (p = 0.043), D8S 1 1 791 D2S 1 3 38 (p = 0.045), and D2 1 S 1 1 1  
D2S 1 3 3 8  (p = 0.022) in Hispanics: and at CSF I POI D2S 1 33 8  (p = 0.024) in 
Chamorros (Budowle and Collins, 200 1 ). 
Allele frequency distribution results of two native UAE popUlations in this 
study were compared with other international populations to determine the similarities 
and dissimilarities among them. The result of comparing African-American, 
Caucasian-American, Hispanic-American and Mongoloid popUlations were published 
in the technical manual of the GenePrint ™ PowerPleex™ 1 .2 system, (Promega Co . ,  
1 998;  Yamamoto e t  aI. ,  1 999; Entrala e t  aI. , 1 999; Jarreta et aI. ,  1 999; Martin et aI . ,  
1 998; Budowle et aI . ,  1 997; Lorente et aI . ,  1 994; and Nata et aI . ,  1 999) . 
The chi-square test values, exact test values and degree of linkage equlibrium 
were calculated with the TFPGA (tool for population genetic analyzes) (Miller, 1 997) 
and GDA (Lewis and Zaykin, 200 1 )  softwares. Chi-square goodness of fit test X2 was 
calculated by using the equation:  
X2 = (0 - E)2 I E .  
All studied populations were tested and the results are shown in tables 25- 29. 
Also the exact test was applied to all populations using 2,000 permutations. There was 
agreement between the observed and the expected genotype values under HWE for 
the eight STR loci in all populations. However, D7S820 in the Sharjah population, 
D5S8 1 8, vWA, THO 1 and TPOX, in the Sharjah and Abu-Dhabi populations 
significantly deviated from H WE using exact test (p< 0. 05). The values of the chi­
square test and P-value of the exact test for all populations examined are shown in 
tables 30- 32.  
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Table (25): -l value and P value of exact test in Sharjah populations. 
Locus x1- Dr P chi- square P Exact test SE 
D5S8 1 8  1 9.039 1 2 1  . 5826 .26 1 1 .0093387 
D7S820 52.3 1 72 36 .0386 . 361 1 . 0 1 53076 
D 1 3 S3 1 7 30.492 1 28 .340 1 . 1 697 .0 1 43376 
D l 6S539 30.8509 28 .3237 . 1 1 92 .0 1 24793 
vWA 24.2964 28 .6658 .3 1 70 .01 34495 
THO I 7.9 1 9 1  1 5  .9270 .9 1 48 .0090037 
TPOX 1 1 . 1 039 1 5  .7452 .6300 .0 1 1 9907 
CSF I PO 3 1 .6796 2 1  .063 1 .335 1 .0 1 4 1 6 1 4  
The significant departure (p< 0.05) are in bold, df = degree of freedom. 
Table (26): 'l value and p value of exact test in Abu-Dhabi populations. 
Locus i df P chi- square P Exact test SE 
D5S8 1 8  40.7278 2 1  .0061 .5050 .0 1 80 1 23 
D7S820 24.0425 36 .9362 .7009 . 0 1 1 5993 
D 1 3 S3 I 7 26.9789 2 1  . 1 7 1 00 .3 1 28 . 0 1 1 85 84 
D 1 6S539 1 8 .3725 2 1  .6253 .6 1 57 .0 1 04462 
vWA 28.5 1 0 1 1 5  .01 86 . 0 1 75 .004972 1 
THO I 44. 1 048 2 1  .0023 . 1 898 .0 1 38548 
TPOX 32.7227 2 1  .0494 . 3 1 48 .0080802 
CSF I PO 29.3596 36 .7757 .5284 .0227850 
The significant departure (p< 0.05) are in bold, df= degree of freedom. 
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Table (27):  -I value and p value of exact test in Indian populations. 
Locus i df P chi- square P Exact test SE 
D5S8 1 8  1 1 .5486 2 1  .95 1 0  . 7432 . 0 1 22093 
D7S820 2 1 .4930 28 . 8042 .3507 .0 1 0 1 330 
D 1 3 S3 1 7 43 .6063 36 . 1 792 . 1 047 .009900 1 
D 1 6S539 28 . 1 072 28 .4588 .46 1 6  .0 1 49235 
vWA 26. 1 205 36 . 8873 . 8 1 70 .0087686 
THO I 1 8 .2228 1 5  . 25 1 1 .082 1 .006 1 905 
TPOX 1 6. 03 1 5  2 1  .7679 .6805 .0206 1 96 
C SF I PO 1 40 .6864 2 1  .0001 .0 1 1 5  .0033747 
The significant departure (p< 0 .05) are in bold, df = degree of freedom. 
Table (28): -l value and p value of exact test in Pakistani populations. 
Locus i df P chi- square P Exact test SE 
D5S8 1 8  27. 1 922 2 1  . 1 646 . 1 446 .0 1 1 8528 
D7S820 1 6.6766 2 1  . 7305 .7355 .0099805 
D 1 3 S3 l 7  22. 1 987 2 1  . 388 1 . 1 976 .0 1 28426 
D 1 6S539 26.7537 2 1  . 1 792 . 1 1 5 1  .009 1 463 
vWA 36. 8909 28 . 1 2 1 3  .07 1 9  .00655 
THO I 1 3 .5574 1 0  . 1 942 . 1 66 1  .0 1 45025 
TPOX . 1 5277 1 1 0  . 1 223 .0670 .0072725 
CSF I PO 24.7947 2 1  . 2562 .0493 .0048546 
The significant departure (p< 0.05) are in bold, df= degree of freedom. 
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Table (29) : i value and p value of exact test in Egyptian populat ions. 
Locus 'l df P cbi- square P Exact test SE 
D5S8 1 8  34.4 1 09 28 . 1 877 .3373 .0 1 37683 
D7S820 20.7495 2 1  .4743 .3828 .0 1 883 1 4  
D 1 3S3 1 7  4 1 . 3032 36 .2498 . 1 1 5 1  .0 1 25206 
D 1 6S539 20.2099 28 . 8567 .4463 .0 1 33754 
vWA 32 .83 1 2  36 .6204 . 5739 . 0 1 29996 
THO I 1 8 .4820 1 5  .2382 .3046 .008921 9  
TPOX 9.7 1 78 1 0  .4656 .3546 .0 1 06999 
C SF I PO 20. 842 1 28 .83 1 9  .5858 . 0 1 62056 
The significant departure (p< 0.05) are in bold, df = degree of freedom. 
To determine the differences between populations the RxC contingency test 
was applied and then the test was used to calculate the exact test p value. There were 
no significant differences between the Abu-Dhabi and Sharjah populations, except at 
THO I locus. Then the two U AE populations were compared to the AI-Ain population 
( Bayourni et aI. , 1 997) at three loci and it was found that there is a significant 
difference but only at TPOX locus, and no significant differences at the other two 
(THO I and CSF I PO) loci .  The RxC results are shown in (Table 30-32). 
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Table (30) : The p values and standard errors of the exact test for the RxC 
contingency table for the compared allele frequencies in the three UAE native Arabic 
populations (Abu-Dhabi, Sharjah, and Al-Ain). Twenty batches Of 2500 replicates per 
batch performed. The total number of replicates was 50,000. 
Locus Abu- SE Sbj/Al-Ain SE Abu/Aa- SE 
Dbabi/Sbarjab P value Ain 
P value P value 
D5S8 1 8  0 .883 0.0 1 0  - - - -
D7S820 0.082 0.0 1 0  - - - -
D 1 3 S3 1 7 0.464 0.022 - - - -
D 1 6S539 0.322 0.022 - - - -
vWA 0. 1 44 0.0 1 3  - - - -
THO 1 0.004 0.00 1 0 .2 1 1 0.0 1 6  0. 1 40 0.0 1 8  
TPOX 0 .552 0.0 1 6  0.0001 0.000 1 0.044 0 .007 
CSF 1 PO 0. 1 35 0 .0 1 5 0.057 0.0 1 4  0.987 0.002 
The significant departure (p< 0.05) are in bold. 
Table (3 1 ) : The p values and standard errors of the exact test for the RxC 
cont ingency table for the compared allele frequencies in the three non UAE native 
populations (Indian, Pakistanian, Egyptian). Twenty batches Of 2500 replicates per 
batch performed. The total number of replicates was 50,000. 
Locus Ind/Pak SE Ind/Egy SE Pak/Egy SE 
P value P value P value 
D5S8 1 8  0.2 1 8  0.0 1 69 0.000920 0.00034 1 0.000060 0.000060 
D7S820 0.01 57 0.0033 0.000260 0.000 1 86 0.0936 0.0 1 202 
D 1 3 S3 1 7 0.0673 0.0 1 35 0.4638 0.02 1 1 4  0.452 1 0.0267 
D I 6S539 0.0 134 0.00278 0.050 1 0.008995 0.2309 0.0 1 6 1  
vWA 0.0235 0.00437 0.002 1 6  0.00 1 637  0.2452 0.0 1 722 
THO I 0.450 0.0260 0.02 1 1 0  0.00666 0.003920 0.00 1 303 
TPOX 0.04 1 1  0.00779 0.0000 0.0000 0.018660 0.002493 
C SF I PO 0.00964 0.00288 0.000400 . 000299 0.02410  0.003879 
The significant departure (p< 0.05 (are in bold. 
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Table (32) :  The p values and standard errors of the exact test for the RxC 
contingency table for the compared allele frequencies in the UAE population with 
three other populations (Pakistanian, I ndian and Egyptian) . Twenty batches Of 2500 
replicates per batch performed. The total number of replicates was 50,000. 
Locus UAEfPakistani SE UAElIndian SE UAElEgy SE 
P value P value P value 
D5S8 1 8  0.0131  0.0043 0.0434 0.0092 0. 1 55 0.0 1 6  
D7S820 0. 1 93 1  0.0 1 89 0.0034 0.0020 0 . 1 7 1  0 .024 
D 1 3S3 1 7  0. 1 65Q 0.0 1 92 0.0003 0.0003 0.704 0.029 
D 1 6S539 0.0606 0.0 1 1 1  0. 1 293 0.0 1 8 1  0. 1 36 0.025 
vWA 0.0003 0.0002 0.0000 0.0000 0.01 1 0.005 
THO I 0. 1 485 0.0 1 75 0.026 1 0.0 1 07 0.0 1 1  0.00 1 
TPOX 0.001 6  0.0008 0.0000 0.0000 0.01 1 0.003 
CSF I PO 0. 1 290 0 .0 1 7 1  0.0003 0.0002 0.239 0.028 
The significant departure (p< 0.05 (are in bold. 
The P value and standard error of the exact test for the RxC contingency table 
for the compared allele frequencies in three population residing in the UAE (Indian, 
Pakistan and Egyptian population at eight loci .  20 batches of 2,500 replicates per 
batch performed. The total number of replicates was 50,000 (Table 32). 
There were significant differences between I ndian and Pakistani populat ion at 
D7S820, D 1 6S539, vWA, TPOX and CSF I PO. When individuals from the two 
groups residing in the UK where studied, it was found that there is no significant 
differences among them. (Evett et aI., 1 997) 
There were significant differences between Indian and Egyptian population at 
loci D5S8 1 8. D7S820, vWA, TPOX, THO I and CSF I PO (Table 32). 
There were significant differences between Pakistani and Egyptian population at 
D5S8 1 8, TPOX, THO I and CSF I PO (Table 32). 
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There were ignificant differences between UAE and Egyptian population at 
loci vWA, THO I and TPOX (Table 32). 
Thcre were significant differences between UAE and Indian population at all 
loci except D 1 6S539 (Table 32). 
There were significant differences between U AE and Pakistani population at 
loci except D5S8 1 8, vW A, and TPOX (Table 32). 
A study was done comparing UAE population with five other Arab groups, 
Saudi, Qatari, Omani, Yemeni and Moroccan populations showed that there was a 
significant d ifference between the UAE and Saudi population at vWA and TPOX loci, 
a significant differences at vW A loci with the Yemeni population, with Moroccan 
population at vW A and THO 1 loci and with Qatari population at vW A loci. The test 
did not show any significant differences between UAE popUlation and Omani 
population at any loci (Mohamed, 2002). 
F test values over all loci is 0 .00 1 0  (Dubai). The F test value over all nine 
loci is 0.00 1 0, which suggests that there is little difference at these STR loci between 
Dubaian and Omani Arabs. There was no evidence for departures from Hardy­
Weinberg expectation (HWE) for any loci based on exact test (Alshamali and 
Alkhayat. 2002). 
The overall value of Fst over the eight loci was (0.0032) when compared 
between the U AE Arab and Egyptian populations. This indicates that there is very 
little genetic differentiation between the two Arabic populations. (Mohamed, 200 1 ). 
Among the eight loci tested vWA and CSFTPO loci had the largest allele 
number ( 1 0  alleles) only six are common in vWA and only 4 are very common in 
CSFIPO. The vWA locus had 8, 1 0, 8 and 9 different alleles in the UAE, I ndian, 
Pakistani and Egyptian populations respectively. At locus vWA allele 1 7  was the 
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most common allele in the UAE, Egyptian and Pakistani populations with a frequency 
0[ 0.32, 0.26 and 0.28 respectively. 
Table (33): The comparison of the observed Heterozygosity in studied populat ion. 
Locus Sharjah Abu-Dhabi Indian Pakistani Egyptian 
DSS8 18 0.69 0.7 1 0.75 0.74 0.76 
D7S820 0.74 0.77 0.80 0.80 0.76 
D 13S3 17 0.79 0.79 0.79 0.80 0.79 
D l6SS39 0.76 0 .78 0.78 0.79 0.78 
vWA 0.70 0.68 0.82 0.80 0. 81 
THO I 0.76 0.76 0.77 0.78 0.78 
TPOX 0.69 0.7 1 0.7 1 0.68 0.66 
CSFI PO 0.75 0.77 0.70 0.73 0.73 
Minimum and maximum heterozygosity observed in each populat ion are in 
bold. 
Table (34): The comparison of the observed Heterozygosity in four major world 
ethnic populations: African American, Caucasian American, Hispanic American and 
Japanese. 
Locus African Amrican Cucasian Japanese Hispanic 
American American 
D5S8 1 8  0.78 0 .7 1 0.78 0.77 
D7S820 0 .76 0.80 0.74 0 .82 
D l 3 S3 1 7 0.69 0.7 1 0. 8 1  0.78 
D 1 6S539 0.78 0.73 - 0.78 
vWA 0.83 0 .82 0.77 0.75 
THO I 0.73 0.77 0.6 1 0.74 
TPOX 0.75 0.65 0.62 0.67 
CSF I PO 0 .82 0.78 0.73 0.70 




The observed heterozygosity frequency from the two native UAE populations 
(Sharjah and Abu-Dhabi) and three other studied groups (Indian, Pakistani and 
Egyptian) were compared to other four major populations: African-American. 
Caucasian-American. Japanese, and Hispanic-American. The Sharjah population 
howed minimum heterozygosity at D5S8 1 8  and TPOX. The Abu-Dhabi population 
showed minimum heterozygosity at vW A. The Indian population showed minimum 
heterozygosity at CSF I PO and the Pakistani and Egyptian populations showed 
minimum heterozygosity at TPOX. The African- American population showed 
minimum heterozygosity at D 1 3  S3 1 7. The Caucasian-American population showed 
minimum heterozygosity at TPOX. The Hispanic-American popUlation showed 
minimum heterozygosity at TPOX. Finally, minimum heterozygosity at TH0 1 and 
TPOX were observed in the Japanese popUlation (Table 34). 
Maximum heterozygosity in the Indian, Pakistani and Egyptian populations 
were observed at vWA, and at locus D 1 3S3 1 7  in the Sharjah, Abu-Dhabi and 
Japanese popUlation. The Caucasian-American and African-American populations 
showed maximum heterozygosity at vW A. On the other hand the Hispanic-American 
population showed maximum heterozygosity at D7S820. The heterozygosity results 
are presented in (Table 34). 
Heterozygosity :  
The observed and expected heterozygosity was calculated using Tools for 
Population Genetic Analysis (TFPGA) (Miller, 1 997) and Genetic Data Analysis 
(GDA) software (Lewis and Zaykin, 200 1 ). The results showed that the expected 
heterozygosity was not significantly different from the observed (p > 0.05). The 
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greatest difference in the Sharjah population was at locus vW A where the observed 
number of hetrozygosity was 70% compared with expected number of 77%. The 
greatest difference in the Abu-Dhabi popUlation was at locus vWA where the 
observed number of heterozygosity was 68% whereas expected number was 76%. 
The greatest difference in the Egyptian populat ion was at locus TPOX where the 
observed of heterozygosity was 73% whereas the expected was 67%. In the Indian 
popUlation the greatest difference was at D 1 6S539 locus where the observed 
heterozygosity was 77% where the expected number was 83%. However, the greatest 
difference was observed in the Pakistani popUlation at locus CSF I PO where the 
observed heterozygosity was 73% whereas the expected was 64%. 
All the three populations at the five loci showed heterozygosity values equal 
or higher than 65%. The highest value being observed in Sharjah and Abu-Dhabi 
populations at D 1 3S3 1 7  locus (79%), I ndian, Pakistani and Egyptian population at 
vWA locus (82%, 80% and 8 1 %  respect ively). The lowest value was observed in the 
Abu-Dhabi population at the vWA locus (68%), and in the Sharjah, Pakistani and 
Egyptian populations at TPOX (69%, 68% and 66%, respectively). The lowest value 
observed in the Indian population was at the CSFI PO locus (70%). The standard 
deviation of the expected heterozygosity was calculated by using equation 3, (Edward 
et aL 1 992). The results are given in (Table 35). 
SD = �h(l - h) /n  (3), 
where (h) is the heterozygosity frequency and (n) is the number of populat ion. 
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The expected heterozygostiy can be calculated by using the formula: h= { I  -
Ex2) (o/n - I ) } , (4 ), where (x) = allele frequency and (n) = total number of alleles 
observed in a popUlation sample (Nei M. and Roychoudry A., 1 974) . 
The Observed heterozygosity can be calculated by the formula: 
(h) = ohio (5), 
where Cnh) is the number of heterozygotes and (n) is the total number of individuals. 
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Table (35) : The observed and expected heterozygosity at eight STR loci in 
the five tudied groups, Sharjah, Abu-Dhabi, Egyptian, Indian and Pakistani 
populations. The standard deviations (SD) from the chi-square tests were calculated. 
No significant differences were detected (P >0 05) 
Abu-Dhabi Locus Observed Expected SD 
Heterozygosity Heterezygosity 
DSS818 0.7 1 02 0.7438 0.040 
D7S820 0.768 1 0.7823 0.037 
N=129 D13S317  0.7860 0.7829 0.036 
D 16SS39 0.78 1 1 0.7848 0.036 
vWA 0.6842 0.7607 0.04 1 
TH01 0.7574 0.7833 0.038 
TPOX 0.7 1 04 0.6956 0.040 
CSF1PO 0.769 1 0.742 1 0.037 
Sharjah DSS8 18 0.69 1 1 0.7525 0.046 
D7S820 0.7373 0.7977 0.044 
D 13S3 1 7  0.7933 0.778 1 0.040 
D1 6SS39 0.7574 0.7848 0.043 
N=100 vWA 0.6975 0.772 1 0.046 
TH01 0.7598 0.7928 0.043 
TPOX 0.6900 0.6956 0.046 
CSF1 PO 0.7477 0.7334 0.043 
Pakistan i  DSS81 8  0.7435 0.8 1 67 0.040 
D7S820 0.80 1 2  0.8083 0.036 
D13S3 t7  0.794 1 0.7907 0.037 
D1 6SS39 0.7909 0.6833 0.037 
vWA 0.8003 0.8083 0.036 
N=120 THOt 0.7846 0.7250 0.038 
TPOX 0.6802 0.7583 0.043 
CSF 1 PO 0.7323 0.64 1 7  0.040 
Indian DSS81 8  0.7470 0.7355 0.040 
D7S820 0.7994 0.7574 0.036 
D13S3 1 7  0.792 1 0.7794 0.037 
D 1 6S539 0.7798 0.8264 0.038 
vWA 0.8228 0.8 1 82 0.035 
TH0 1 0.7675 0.7025 0.038 
N=1 2 1  TPOX 0.7 1 27 0.6942 0.04 1 
CSFIPO 0.6999 0.6694 0.042 
Egyptian DSS81 8  0.7574 0.7355 0.040 
D7S820 0.7623 0.74 1 7  0.039 
D 1 3S31 7  0.79 1 7  0.8099 0.037 
D1 6SS39 0.7795 0.7500 0.038 
vWA 0.8 1 09 0.7934 0.036 
THOt 0.7778 0.7355 0.038 
N=1 2 1  TPOX 0.6559 0.6 1 1 6  0.043 
CSFIPO 0.7323 0.689 1 0 .040 
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GENOTYPE FREQUENCIES: 
Each individual 's  alleles compose their genotype. A genotype frequency is  the 
proportion of individuals in a population that possess a given genotype at specific 
locus. The observed genotypic frequencies were calculated by dividing the number of 
specific genotypes observed over the total number of individuals. The expected 
genotype frequencies were calculated according to the Hardy-Weinberg equation. In 
the case of homozygotes, the genotype frequency is equal to p2 or q2 depending upon 
the frequency of homozygous dominant or homozygous recessive alleles, and in the 
case of heterozygotes, the genotype frequency is equal to 2pq, where p and q are the 
frequency of allele A and allele a. 
The possible number of genotypes can be calculated for any marker from the 
total number of alleles observed at that marker. The number of genotypes = n 
(n+ l )/2, where n is the total number of alleles detected within a population 
Theoretically, if there are (n) alleles, there are n homozygous genotypes and n (n -
I )/2 heterozygous genotypes. 
The standard deviation (SD) for the observed genotype frequencies was 
calculated according to the equation given by Evett and Wier (equation 3) in order to 
set the confidence interval of the genotype within 95% probability (Evett and Weir, 
1 998). 
SD = ± 1 .  96 � p(l - P) / n 
Where (p) is the frequency of the genotype and (n) is the number of individual. The 
standard deviat ion (SD) for the observed genotypes is shown in table 35 .  
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Before using any marker in forensic and paternity analyses, it is important to 
calculate the population frequencies of that marker. The allele frequencies for each 
populat ion were counted from the genotypes observed at eight STR loci and divided 
by the total number of all alleles for each populat ion. 
At locus D 1 6S539, allele 1 1  was the most common allele with frequencies of 
0. 347, 0 .308, 0 .352 and 0 .299 in the UAE, Egyptian, Indian and Pakistani 
popUlations, respectively. However, allele 1 5  had the lowest frequencies of 0.002, 
0.0042 and 0.003 in the UAB, Egyptian, Indian and Pakistani populations, 
respectively. 
The THO 1 locus contained only five common alleles. This locus had 7, 7, 5 
and 6 different alleles in the UAE, I ndian, Pakistani and Egyptian populations 
respectively. Allele 6 is the most common allele with frequencies of 0.28 and 0.27 in 
the UAB and Pakistani populations, respectively. Allele 7 was the most common 
allele with a frequency of 0.23 in the Egyptian population. Allele 9 was the most 
common allele with a frequency of 0.30 in the Indian population. 
D5S8 1 8  had 7, 8 and 8 different alleles in the UAE, Indian, Pakistani and 
Egyptian popUlations, respectively. Allele 1 2  was the most common allele with 
frequencies of 0.348, 0 .39 and 0.332 in the UAB, Egyptian and Pakistani populat ions, 
respectively. Allele 1 1  was the most common in Indian population with a frequency 
of 0.326. However, allele 8 showed the lowest frequencies of 0.0 1 3  and 0.003 in the 
UAE and Pakistani populations while allele 1 5  had the lowest frequencies of 0.008 
and 0.003 in the Egyptian and Indian populations, respectively. 
The D7S820 locus had 9, 8, 7 and 7 different alleles in the UAE, Indian, 
Pakistani and Egyptian populations, respectively but only five are common. Allele 1 0  
was the most common allele with frequencies of 0.30 1 ,  0.33, 0.253 and 0.254 in the 
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UAE, Egyptian, I ndian and Pakistani populations, respectively. Allele 8.3 was only 
observed in the UAE population and had the lowest frequency of 0.004. Allele 1 3  had 
the lowe t frequency of 0.004 in the Egyptian population, while allele 1 4  had the 
lowest frequency of 0 .003 in the Indian population and in the Pakistani population, 
allele 1 3  had the lowest frequency of 0.0 1 3 .  Alleles 1 0  and 1 1  have frequencies of 
0.52 .  0 .6 1 , 0.46 and 0.48 in the UAE, Egyptian, Indian and Pakistani populations, 
respective ly. 
The D 1 3 S3 1 7  locus had 8, 9, 7 and 0 different alleles in the UAE, Indian, 
Pakistani and Egyptian populations, respectively. The two most common alleles are 
1 1  and 1 2  which have frequencies of 0.59, 0.57, 0 .57 and 0.55 and 0.55 in the UAE, 
Egyptian, Indian and Pakistani populations, respectively. Allele 1 5  had the lowest 
frequencies of 0.002, 0 .004 and 0.003 in the UAE, Egyptian, and I ndian populations, 
respectively while allele 1 4  had the lowest frequency of 0.0 1 5 in the Pakistani 
population. 
The TPOX locus had 7, 7, 5 and 5 different alleles in the UAE, Indian, 
Pakistani and Egyptian populations, respectively and only four are common. The two 
most common alleles are allele 8 and 1 1  which have frequencies of 0.72, 0 .72, 0.73 
and 0.76 in the UAE, Egyptian, Indian and Pakistani popUlations respectively. Allele 
7 had the lowest frequency of 0.002 in the U AE population while allele 1 4  had the 
lowest frequencies of 0.028 and 0.025 in the Pakistani and Egyptian populations, 
respect ively. Alleles 6 and 7 were only observed in the UAE popUlation but alleles 1 3  
and 1 4  were only observed in the Indian population. 
There were 2 1 ,  20, 1 9  and 20 observed genotypes out of 28, 36, 36, and 36 
different possible genotypes at the D5S8 1 8  locus in the UAE, Egyptian, Indian and 
Pakistani populations, respectively. The genotype 1 21 1 2 and 1 21 1 3  had the highest 
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frequencies in the Sharjah and Abu-Dhabi populations and occurred in 2 1  (2 1 .0%) 
and 22 ( 1 7.05%) out of 1 00 and 1 29 individuals, respectively. The genotype 1 1 1 1 2  
had the highest frequency in the Indian and Pakistani populations, and occurred in 28 
(23 . 1 4%) and 34 (28.33%) out of 1 2 1  and 1 20 individuals in the Indian and Pakistani, 
populations respectively. The genotypes 1 2/ 1 2  and 1 21 1 3  had the highest frequencies 
in the Egyptian population, occurred in 1 8  ( 1 4 .88%) out of 1 2 1  individuals. 
The D7S820 locus had 45, 28, 36 and 36 possible genotypes in the UAE, 
Egyptian, I ndian and Pakistani populations. respectively. There were 27, 1 8 , 28 and 
22 observed genotypes. Of the genotypes 1 01 1 1 and 1 01 1  0, 1 01 1  1 had the highest 
frequency in the Sharjah and Abu-Dhabi populations and occurred in 1 4  ( 1 4.0%) and 
1 4  ( 1 0.85%) of 1 00 and 1 29 individuals, respectively. The genotypes 1 01 1 1 and 8/1 0  
had the highest frequencies in the I ndian and Pakistani populations, and occurred in 
1 8  ( 1 6 .53%) and 1 7  ( 1 4. 1 7%) out of 1 2 1  and 1 20 individuals in the Indian and 
Pakistani populations, respectively. The genotype 1 0/ 1 1 had the highest frequency in 
the Egyptian population, and occurred in 20 ( 1 6 .53%) out of 1 2 1  individuals. 
The D 1 3S3 1 7  locus has 36, 45, 45 and 28 possible genotypes, but only 28, 26, 
30 and 24 genotypes were observed in the UAE, Egyptian, Indian and Pakistani 
populations, respectively. The genotype 1 1 1 1 2  had the highest frequencies in the 
Sharjah and Abu-Dhabi populations and occurred in 2 1  (2 1 .0%) and 25 ( 1 9.32%) out 
of 1 00 and 1 29 individuals, respectively. The genotype 1 1 1 1 2 had the highest 
frequencies in the I ndian and Pakistani populations, and occurred in 23 ( 1 9.8%) and 
25 (20. 83%) out of 1 2 1  and 1 20 individuals in the Indian and Pakistani populations 
respectively. The genotype 1 1 1 1 2 had the highest frequency in the Egyptian 
population and occurred in 22 ( 1 8 . 1 8%) out of 1 2 1  individuals. 
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D 1 6S539 locus had 36 possible genotypes in the UAE, Egyptian, Indian and 
Pakistani populations. There were 24, 22, 26 and 23 observed genotypes in the UAE, 
Egyptian Indian and Pakistani populations respectively. The genotypes 1 1 1 1 3 and 
1 1 1 1 1 ,  1 1 1 1 2 had the highest frequency in the Sharjah and Abu-Dhabi populations and 
occurred in 1 5  ( 1 5 .0%) and 1 7  ( 1 3 . 1 8%) out of 1 00 and 1 29 individuals respectively. 
The genotype 91 1 1 ,  1 1 1 1 2 and 1 21 1 2  had the highest frequency in the Indian and 
Pakistani populations, occurred in 1 8  ( 1 4.88%) and 1 4  ( 1 1 .66%) out of 1 2 1  and 1 20 
individuals in the I ndian and Pakistani popUlations, respectively. The genotype 1 1 1 1 2 
had the highest frequency in the Egyptian popUlation, and occurred in 1 9  ( 1 5 .70%) 
out of 1 2 1  individuals. 
There were 25, 25, 26 and 27 genotypes observed out of 36, 45, 55 and 36 
possible genotypes in the UAE, Egyptian, Indian and Pakistani popUlations at vWA 
locus. The genotype 1 61 1 7  had the highest frequency in the Sharjah and Abu-Dhabi 
populations and occurred in 20 (20.0%) and 22 ( 1 7.05%) out of 1 00 and 1 29 
individuals, respectively. The genotypes 1 71 1 8 and 1 6/ 1 7 had the highest frequencies 
in the Indian and Pakistani populations, and occurred in 1 4  ( 1 1 .57%) and 20 ( 1 6.66%) 
out of 1 2 1  and 1 20 individuals in the I ndian and Pakistani populations, respectively. 
The genotype 1 6/ 1 7 had the highest frequency in the Egyptian popUlation, occurred in 
1 4  ( 1 1 .57%) out of 1 2 1  individuals. 
THO I locus had 28, 2 1 ,  28 and 1 5  possible genotypes in the UAE, Egyptian, 
J ndian, and Pakistani populations, respectively. There were 20, 1 9, 1 8  and 1 5  
observed genotypes in the UAE, Egyptian, Indian and Pakistani populations, 
respectively. The genotypes 7/9 and 6/6 had the highest frequencies in the Sharjah and 
Abu-Dhabi populations and occurred in 1 3  ( 1 3 .0%) and 20 ( 1 5 . 50%) of 1 00 and 1 29 
individuals. respectively. The genotypes 9/9 and 6/9 had the highest frequencies in 
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the I ndian and Pakistani populations, and occurred in 1 6  ( 1 3 .22%) and 1 6  ( 1 3 .33%) 
out of 1 2 1  and 1 20 individuals in the Indian and Pakistani populations, respectively. 
The genotype 7/9 had the highest frequency in the Egyptian population, and occurred 
in 20 ( 1 6. 53%) out of 1 2 1  individuals. 
The TPOX locus had 28, 1 5, 28 and 1 5  possible genotypes in the U AE, 
Egyptian, Indian and Pakistani populations, respectively. There were 1 9, 1 3 , 1 8  and 
1 2  observed genotypes in the UAE, Egyptian, Indian and Pakistani populations, 
respectively. The genotype 8/1 1 had the highest frequency in the Sharjah and Abu­
Dhabi populations and occurred in 26 (26.0%) and 32 (24.80%) out of 1 00 and 1 29 
individuals. respectively. The genotype 8/ 1 1 had the highest frequency in the Indian 
and Pakistani popUlations, and occurred in 33 (27.27%) and 39 (32.50%) out of 1 2 1  
and 1 20 individuals in the I ndian and Pakistani populations, respectively. The 
genotype 8/8 had the highest frequency in the Egyptian population, and occurred in 34 
(28.0 1 %) out of 1 2 1  individuals. 
CSFIPO locus had 45,  36, 28 possible genotypes in the UAE, Egyptian, Indian 
and Pakistani popUlations, respectively. There were 1 8, 22, 1 7  and 20 observed 
genotypes in the UAE, Egyptian, Indian and Pakistani populations, respectively. The 
genotype 1 1 1 1 2  had the highest frequency in the Sharjah and Abu-Dhabi populations 
and occurred in 25 (25.0%) and 24 ( 1 8 .60%) out of 1 00 and 1 29 individuals 
respectively. The genotype 1 1 1 1 2  had the highest frequencies in the Indian and 
Pakistani populations, and occurred in 26 (2 1 .49%) and 26 (2 1 .66%) out of 1 2 1  and 
1 20 individuals in  the Indian and Pakistani populations, respectively. The genotype 
1 0/1 1 had the highest frequency in the Egyptian population, and occurred in 25 
(20.66%) out of 1 2 1 individuals 
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Conclusion 
Blood samples were collected and analyzed using the most powerful tools in 
DNA forensic science. Almost all STRs examined for the five popUlations were in the 
HWE linkage equilibrium. 
When data for the two UAE populations were analyzed, there was no evidence 
of substructure between the two groups, which may be true for the other emirates in 
case of future research. That may lead to a single database that can be used for the 
UAE native population in the future. 
Why do we need a DNA database? 
There are many advantages to constructing DNA database, and many leading 
countries l ike the United Kingdom, United States and New Zealand nowadays are 
keeping genetic records of their criminals. There are many advantages to forensic 
DNA analysis. First, it can help solve many forensic cases and mysteries with little or 
no information, and assist in the investigation of dead people who have no identity or 
known relatives in UAE, or unknown newborn or deceased babies. Also, it offers the 
means to solve the most intractable cases in which skulls, bones or other parts of the 
human body found in oceans or deserts that belong to unknown people. DNA 
databases are commonly used throughout the world to identify victims on horrifically 
accidents such as plane, train or car crisis when only a few bodily remains are 
available to identify people. In  addition, forensic DNA analysis is a helpful tool to 
identify individuals in group graves, war solders or prisons of war, who have been 
totally burned. 
It is important that the Forensic Science database hold DNA profiles for 
suspects and convicted criminals so it can help pol ice authorities when needed since 
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those databases can help match hundreds crime scene samples to suspects and onset 
of crime scene samples to other crime scenes. Moreover, The Forensic Science 
Service database can be used as an investigative tool to help solve a wide range of 
crimes. including murder, rape, sexual assault, robbery, burglary and arson. 
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Recommendations 
These results show that there are only a few differences between populations 
within the UAE such as Arabs or Indian compared to Pakistanis. Based on these 
results, it is recommended that other populations resident in the UAE should be 
studied, such as I ranians, Philippinos, Americans and Europeans. This wil l  help 
researchers determine the more similarities or dissimilarities among these groups and 
compare results with our findings and with published international studies that have 
been conducted elsewhere. It is highly recommended that the UAE government 
establish a DNA fingerprinting database for all residence within the country and 
visitors to help when such information is needed. It is necessary that more cooperation 
be practiced between the two major forensic laboratories in the UAE, at Abu-Dhabi 
and Dubai to establish a central information center for all criminals by using ABI 3 1 0  
STR results to help fight crimes and minimize time and efforts when dealing with 
such cases. We should emphasize the importance of establishing a central laboratory 
that deals with all cases in Arab countries besides the Gee countries since national 
DNA databases have been major successes in many countries as mentioned earlier. 
DNA databases have been a significant investigative tool in the fight against crime. 
It is important also to establish a UAE database for Y- chromosome STRs 
systems and mitochondrial DNA profiling because such databases would be very 
helpful in forensic paternity testing, especially when an al leged father is deceased. 
Mitochondrial DNA (mtDNA) is found outside the nucleus and is present in 
all human celIs including cells that lack nuclei like mature red blood cells and hair 
shaft cells. mtDNA molecule is considerably smaller than nuclear DNA ( 1 6,569 base 
pairs) but, each cell may contain many hundreds or thousands of copies of mtDNA. In 
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cases where biological samples have been severely degraded by environmental factors 
(eg skeletal material) there is a greater chance of recovering mtDNA than nuclear 
DNA. as there is only one copy of nuclear DNA per cell .  mtDNA profiling may be 
used where a nuclea DNA profile cannot be recovered from a sample either, because 
it is severely degraded or the sample type does not contain nuclear DNA. 
mtDNA profiling is carried out using peR and sequence variation analysis at 
two hypervariable locations of non-coding areas of the molecule. mtDNA profiling is 
particularly susceptible to contamination and extreme care must be taken during 
processmg. mtDNA profiling is the most t ime-consuming and ngorous of DNA 
profiling techniques. 
mtDNA profiling cannot provide the same level of discrimination as nucleic DNA 
profiling, as there are only a very limited number of locations that can be tested. 
Additionally, a person inherits mtDNA from only their mother, rather than both 
parents as in the case of nuclear DNA. Therefore, any maternally related individuals 
will share the same mtDNA profile. Apparently unrelated individuals may share the 
same mtDNA profile because they share a common female ancestor at some distant 
po int in the past. 
Normally, human DNA is very stable and is difficult to be altered or 
manipulated. Digit fingerprinting on the other hand can be changed through plastic 
surgery or transplant. Thus, DNA fingerprinting is a much reliable technique to 
identifY individuals and whatever cells or t issues they may leave behind. 
9 1  
References 
Abdullah, M. ( 1 999). I mbalance of the UAE population structure and solution. Al-
Khaleej press, Sharjah, UAE. (in Arabic) . 
Abdullah, T. ( 1 987) The establishment of the United Arab Emirates 1 950- 1 985. 
U AE. 
Adams, D. ( 1 988). Validation of the FBI procedure for DNA analysis. Crime Lab. 
Digest 1 5 : 1 06 - 1 08 
Ahmed, A., Linacre, A ,  Mohammed, A ,  Vanezis, P.  and Goodwin, W. (2000). STR 
population data for 1 0  STR loci including the GenePrint™ PowerPlex™ 1 .2 kit from 
EI-Minia (Central Egypt). Forensic Sci. Int. 2960, 1 -2 (in press) . 
Alkhayat, A.. Alshamali, F. and Budowle, B. ( 1 996). Population data on the PCR­
based loci LDLR, GYPA, HBGG, 07S8, Gc, HLA-DQA 1 ,  and D 1 S80 from Arabs 
from Dubai. Forensic Sci. I nt .  8 1 , 29-34. 
AJkhayat, A, Alshamali, F. and Budowle, B. (2000). Allele Frequency Distributions 
and other Population Genetic Parameters for 1 3  STR Loci in a UAE Local Population 
From Oubai. UK. 
AI-Sayegh, F .  ( 1 998). UAE from tribe to country. Al-Khaleej centre for books press, 
Dubai. UAE. 
Anker, R., Steinbrueck, T.  and Donis-Keller H. ( 1 992). Tetranucleotide repeat 
polymorphism at the human thyroid peroxidase (hTPO) locus. Hum. Mol. Genetics 1 ,  
1 37. 
Baetchel, F. ,  Presley, K. and Smerick, 1 .  ( 1 995). D 1 S80 typing of DNA from 
simulated forensic specimens. 1. Forensic Sci. 40, 524-533 
92 
Baechtel FS ,. A primer on the methods used in the typing of DNA Crime Lab Digest 
1 988 :  1 5(4). 
Ballantyne, 1., Sensabaugh G. and Witkowski, 1. ( 1 989). DNA Technology and 
Forensic Science. 32 Banbury report, USA 
Bar, W.,  Brinkmann, B. ,  Budowle, B . ,  Carracedo, A, Gill, P . ,  Lincoln, P.,  Mayr, W. 
and Olaisen, B. ( 1 997). DNA recommendations further report of the DNA 
commission of the I SFH regarding the use of short tandem repeat systems. Int .  J. Leg. 
Med. 1 1 0, 1 75- 1 76. 
Bar, W.,  Brinkmann, B., Lincoln, P.,  Mayr, W.R. and Rossi, U. ( 1 994) DNA 
recommendat ions-- 1 994 report concerning further recommendations ofthe DNA 
Commission of the T SFH regarding PCR-based polymorprusrns in STR (short tandem 
repeat) systems. Int. J Leg. Med. 1 07: 1 59- 1 60. 
Bar, W., Kratzer, A., Machler, M. and Schmid W. ( 1 989). Postmortem stability of 
DNA. Forensic Sci. I nt .  39, 59-70. 
Barber, M. ,  Piercy, R., Andersen, 1 .  and Parkin B .  ( 1 995). Structural variation of 
novel alleles at the Hum vWA and Hum FESIFPS short tandem repeat loci. Int. J. 
Leg. Med. 1 08, 3 1 -35 .  
Bayomi, R. ,  Al-Gazali, L . ,  Jaffer, u . ,  Nur-E-Karnal, M. ,  Dawodu, A,  Bener, A,  
Eapen V. and Budowle B.  ( 1 997). United Arab Emirates population data on  three 
DNA tetrameric short tandem repeat loci: HUMTHO l ,  TPOX and CSF I PO - derived 
using multiplex polymerase chain reaction and manual typing. Electrophoresis 1 8, 
1 637- 1 640. 
Becker, W.M., Reece, I B. ,  Ponie,M.F. 1 995, The wolrd of the cell.3r
d ed.The 
Benjamin/Cummings Publishing Company. 
93 
Blake. E . ,  Mihalovich J . , et al. ( 1 992). Polymerase chain reaction (PCR) 
amplification and human leukocyte antigen (HLA)-DQa oligonucleotide typing on 
bio logical evidence samples: casework experience. J. Forensic Sci. 37, 700-726. 
Block, E. B., Science vs. Crime : The Evolution of the Police Lab, Cragmont 
Publications. 1 979. 
Brandt-Casadevall, C . ,  Taroni, F . ,  Dimo-S imonin, N. ,  Baala, L., Sefiani, A. and 
Mangin P. (2000) .  Moroccan population alleles frequency on 9 PCR-based loci, in 
Sensabaugh G., L incoln, P .  Olaisen, 8.  (Eds), Progress in Forensic Genetics 8, 
Excerpta Medica, Amsterdam pp. 221 -223 . 
Brinkmann, R ( 1 998). Overview of PCR-based systems in identity testing, in 
Lincoln, P. and Thomson, J .  (Eds), Methods in Molecular Biology: Forensic DNA 
Profiling Protocols, 98, 1 05- 1 1 9. Humana Press, Totowa. 
Brinkmann, 8 . ,  Rand, S .  and Bajanoski, T. ( 1 992) .  Forensic identification of urine 
samples. lnt. 1. Legal Med. 1 05 . 59-6 1 . 
Brinkmann, 8. ,  Rand, S .  and Wiegand, P. ( 1 99 1 ) . Population and family data of 
RFLP's using selected single- and multi- locus systems. Int .  1.  Leg. Med. 1 04, 8 1 -86. 
Brinkmann, 8.  and Wiegand, P. ( 1 993).  Medicolegal implications of PCR based 
VNTRs. Proceedings from the Fourth International Symposium on Human 
Identification ( 1 993) pp. 1 49- 1 60.  
Brinkmann, R,  Sajantila, A., Goedde, H.W.,  Matsumoto, H. ,  Nishi, K. and Wiegand, 
P. ( 1 9%) Population genetic comparisons among eight populations using allele 
frequency and sequence data from three micro satellite loci. Eur. J Hum. Genet. 4: 
1 75- 1 82. 
94 
Bruce Budowle, Patrick J .  Collins. Population Data on the STR Loci D2S 1 338 and 
D t 9S433 .  Forensic Science Communications. July 200 1 . (3) (3): 1 26- 1 35 .  
Budowle, 8. ,  Moretti, T.,  Baumstark, A ,  Defenbaugh, D. and Keys K ( 1 999). 
Population data on the thirteen CODIS core short tandem repeat loci in African 
Americans. U.S .  Caucasians, Hispanics, Bahamians, Jamaicans, and Trinidadians. 1 .  
Forensic Sci. 44, 1 277- 1 286. 
Budowle, 8., Deadman, H., Murch, R. and Baechtel, F. ( 1 988). An introduction to 
the methods of DNA analysis under investigation in the FBI laboratory. Crime Lab. 
Dig. 1 5 . 8-2 1 . 
Budowle, 8.,  Smerick, 1 . ,  Keys, K and Moretti, T. ( 1 997). United States population 
data on the multiplex short tandem repeat loci - HUMTO l , TPOX, and CSF I PO ­
and the variable number tandem repeat locus D l  S80. J. Forensic. Sci. 42, 846-849. 
Budowle, 8., Monson, K, Giusti, A and Brown B. ( 1 993a). The assessment of 
frequency estimates of HaeII I-generated VNTR profiles in various reference 
databases. J. Forensic Sci. 
Budowle, B. and Monson, K. ( 1 994). Greater differences in forensic DNA profile 
frequencies estimated from racial groups than from ethnic subgroups. Clin. Chim. 
Acta 228, 3- 1 8 . 
Budowle B, Koons Bw, Moretti TR. Subtyping of the HLA-DQA l independence 
testing with PM and STRlVNTR Loci. J F orensic Sci 1 997: 43(3).  
Budowle, 8. ,  Lindesy, 1.,  DeCou 1 . ,  Koons 8.,  Giusti A and Corney C. ( 1 995). 
Valjdation and population studies of the loci LDLR, GVPA, HBGG, D7S8, and Gc 
(PM loci), and HLA-DQa using a multiplex amplification and typing procedure. 1 .  
Forensic Sci. 40, 45-54. 
95 
Caskey, C.T. and Edwards, A. ( 1 994) DNA typing with short tandem repeat 
polymorphisms and identification of polymorphic short tandem repeats. U.S.  Patent 
5364,759. 
Cavalli-Sforza, L. and Bodmer,W. ( 1 97 1 ) . lnt .  genetic of Human populations. WH 
Freeman and company, San Fransisco, CA, USA. 
Charraborty, R. and Kidd, K. ( 1 99 1 ) . The utility of DNA typing in forensic work. 
Science 254. 1 735- 1 379. 
Chen, L, Hou Y, lin Z, Wu 1 , Li Y, Gou Q, Xu P .  ( 1 998). Genetic polymorphism of 
FXII I  subunit in seven Chines populations. Chung Hua J Hsueh I Chuan Hsueh Tsa. 
Feb 1 0; 1 5( 1 ) : 1 3-6. 
Comey, c.,  Budowle, B., Adams, D. ,  Baumstark, A., Lindsey, 1 .  and Presley, L. 
( 1 993).  PCR amplification and typing of the HLA DQa, gene in forensic samples. J. 
Forensic Sci. 38 , 239-249. 
Cooper, D. ,  Smith, B . ,  Cooke, H . ,  Niemann, S. and Schmidtke, 1.  ( 1 985). An estimate 
of unique DNA sequence heterozygosity in the human genome. Hum. Genet. 69, 20 1 -
205 . 
Connecticut State Police Forensic Science Labortory. DNA Techinques Labotory 
Manual. 
DarneR 1 . ,  Lodish, H.,  Baltimore, D. Molecular Cell Biology. Scientific American 
Books. 1 990. 
Dillon D., A History of Criminalistics in the United States 1 850- 1 950, Doctoral 
Thesis, University of California, Berkeley, 1 977. 
96 
Doran, G. ,  Dickel, D.,  Ballinger, W., Agee, 0., Laipis, P. and Hauswirth, W. ( 1 986). 
AnatomicaL cellular and molecular analysis of 8000-yr-old human brain t issue from 
Windovcr archaeological site. Nature 323:  803 - 806 
Edwards, A ( 1 99 1  c). Strategy for identification and isolation of short tandem repeats. 
Proceedings from the Second International Symposium on Human Identification 
( 1 99 1 )  pp. 309-3 1 0. 
Edwards, A ,  Hammond, H . ,  Chakraborty, R. and Caskey, C. ( l 99 1 b) .  DNA typing 
with trimeric and tetrameric tandem repeats: polymorphic loci, detection systems, and 
population genetics. Proceedings from the Second International Symposium on 
Human Identification ( 1 99 1 )  pp.3 1 -5 1 .  
Edwards, A, C ivitello, A, Hammond, H.  and Caskey, C. ( 1 99 1 a). DNA typing and 
genetic mapping with trimeric and tetrameric tandem repeats. Am. 1. Hum. Genet. 49, 
746-756. 
Edwards, A ,  Hammond, H., lin, L. ,  Caskey, C. and Chakraborty, R. ( 1 992). Genetic 
variation at five trimeric and tetrameric tandem repeat loci in four human population 
groups. Genomics 1 2, 24 1 -253 .  
Edwards A W. Foundations of  Mathematical Genetics. London, New York, 
Melbourne: Cambridge University Press, 1 977. 
Else, W. M. and Garrow, J .  M.,  The Detection of Crime, The Police Journal-London, 
1 934. 
Evett, I . , Gill, P., Lambert, 1. ,  Oldroyd, N., Frazier, R. ,  Watson, S., Pancha!, S.,  
Connolly, A and Kimpton, C. ( 1 997). Statistical analysis of data for three British 
ethnic groups from a new STR multiplex. lnt. 1.  Leg. Med. 1 1 0, 5-9. 
97 
Evett. I . , Scranage, 1. and Pinchin, R. ( 1 993). An illustrat ion of the advantages of 
efficient stat istical methods for RFLP analysis in forensic science. Am. 1. Hum. 
Genet. 52, 498-505 . 
Evett, I .  and Weir, B .  ( 1 998). I nterpreting DNA evidence: Statistical genetics for 
forensic cientists. Sinauer Associates, INC. Publisher, Sunderland, Massachusetts, 
USA pp. 64-66. 
Fisher, R. ( 1 95 1 ) . Standard calculat ions for evaluating a blood group system. 
Heredity 5, 95- 1 02 .  
Fregeau, c.J.  and Fourney, R .M.  ( 1 993) DNA typing with fluorescently tagged short 
tandem repeats: a sensitive and accurate approach to human identification. 
BioTechniques 1 5 : 1 00- 1 1 9 . 
Gaensslen. R. E . .  Ed. ,  Sourcebook in Forensic Serology, Unit IX :  Translations of 
Selected Contributions to the Original Literature of Medicolegal Examination of 
Blood and Body Fluids, National Institute of Justice, 1 983 .  
Gaensslen. R.  E . ,  Sourcebook in  Forensic Serology, U.S .  Government Printing Office, 
Washington, D.C. ,  1 983 .  
Gerber, S.  M. ,  Saferstein, R . ,  More Chemistry and Crime, American Chemical 
Society, 1 997. 
German, E., Cyanoacrylate (Superglue) Discovery Timeline, 1 999. 
http://onin.com/fp/cyanoho .html 
Gennan, E . ,  The H istory of Fingerprints, 1 999.http://onin.comlfp/fphistory.html 
Gill, P . ,  Jeffieys, A. and Werrett, D. ( 1 985). Forensic applications of DNA 
'fingerprints' .  Nature 3 1 8, 577-579. 
98 
Gill, P .  and Werrett, D. ( 1 987a). Exclusion ofa man charged with murder by DNA 
fingerprinting. Forensic Sci. I nt . 35,  1 45- 1 48. 
Gill, P. ,  Sullivan, K. and Werret , D.  ( 1 990) . The analysis of hypervariable DNA 
profiles: problem associated with the objective determination of the probability ofa 
match. Hum. Genet . 85 , 75-79. 
Gill , P. Lygo, 1 . ,  Fowler, S. and Werrett, D. ( 1 987b). An evaluation of DNA 
fingerprinting for forensic purposes. Electrophoresis 8, 38-44. 
Gill P, Jeffreys AJ, Werrett DJ. Forensic application of DNA finger prints. New York: 
Gold Spring Harbor Labortory Press, 1 992. 
Gill P. ,  Kimpton, C .P . ,  d'Aloja, E. ,  Andersen, 1 .F . ,  Bar, W., Brinkmann, B. , 
Holgersson, S . ,  Johnsson, V . ,  K loosterman, A.D., Lareu, M.V., Nel1emann, L. ,  
Pfitzinger, R.,  Phillips, c.P. ,  Schmitter, H. ,  Schneider, P.M. and Stenersen, M.  ( 1 994) 
Report of the European DNA profiling group (EDNAP)--towards standardisation of 
short tandem repeat (STR) loci. Forensic Sci. Int. 65 : 5 1 -59. 
Gill, P. ,  Kimpto n, C . ,  Urquhart, A., Oldroyd, N . ,  Millican, E.,  Watson, S .  and 
Downes, T. ( 1 995) .  Automated short tandem repeat (STR) analysis in forensic 
casework - a strategy for the future. Electrophoresis 1 6 : 1 543- 1 552 
Guo, S. and Thompson, E . ( 1 992). Performing the exact test of Hardy-Weinberg 
proportion for mUltiple alleles. Biometrics 48, 36 1 -372. 
Gusmao L, Sanchez-Diz P, Carracedo A, Amorim A. The genotyping of two 
popUlation samples from Galicia and northern Portugal. Int.1. LegalMed.2000; 1 1 4( 1 -
2):  1 09- 1 3 
Halos S. C, Fortuno E .  S, Ferreon A. C.( 1 997). Ale1e frequency distributions of the 
polymorphic STR loci m a Filipino population from Metro Manila. 
99 
Naturwissenschqften:(New-York).84, 1 8 1 - 1 88.  
Hammond. H. ,  L. ,  Zhong, Y.,  Caskey, C and Chakraborty, R.( 1 994). Evaluation of 1 3  
short tandem repeat Joci for use in personal identification applications. Am. J.  Hum. 
Gnet .55 ,  1 75 - 1 89. 
Higuchi, R. ,  von BeroJdingen, C . ,  Sensabaugh, O .  and Erlich, H. ( 1 988). DNA typing 
from single hairs. Nature 332, 543-546. 
Hochmeister, M . ,  Budowle, B . ,  et a!. ( 1 99 1 ) . Typing of deoxyribonucleic acid (DNA) 
extracted from compact bone from human remains. J. Forensic Sci. 36, 1 649- 1 66 1 . 
Hochmeister, M.,  Budowle, B . ,  Borer, u.,  Rudin, 0., Bohnert, M. and Dirnhofer, R .  
( 1 995).  Confirmation of the identity of human skeleton remains using multiplex PCR 
amplification and typing kits. J. Forensic. Sci. 40, 70 1 -705 . 
Hochmeister, M. ,  Budowle, B . ,  Jung, J . ,  Borer, U . ,  Corney, C. and Dirnhofer, R .  
( 1 99 1 ) . PCR-based typing of DNA extracted from cigarette butts. lnt .  J .  Leg. Med. 
1 04, 229-233 .  
Holmlund, G . ,  Wahlgren, B .  and Lindblom, B.  ( 1 994). A D l 2S 1 } (MS43A) allele 
with an internal H infl restriction site. Forensic Sci. I nt .  66, 1 05- 1 09.  
Holt, c.,  Stauffer, C. ,  Willian, J . ,  Lazaruk, K., Nguyen, T. ,  Budowle, B.  and Walsh, P .  
(2000). Practical applications of genotypic surveys for forensic STR testing. 
Forensic Sci. I nt .  1 1 2, 9 1 - 1 09. 
Inman.. K., Rudin, N. ( 1 997). An I ntroduction to Forensic DNA analysis.CRC Press , 
USA. 
I nnis A, M, Gelfand H, D, Sninsky J, 1.( 1 999) PCR Applications.Academic 
Press. USA. 
1 00 
Kasai, K., Nakamura, Y. and White, R. ( 1 990). Amplification ofa variable number of 
tandem repeats(VNTR) locus by the polymerase chain reaction(pCR) and its 
application to forensic science. Forensic Science 35 , 1 1 96- 1 200. 
Khalil, A and Al-Kubaisi S .  ( 1 999). I mbalance popUlation in the UAE within 30 
years. AI-Khaleej press, Sharjah, UAE 
Kimpton, C.P. ,  Gil l, P., Walton. A, Urquhart, A, Millican, E.S. and Adams, M. 
( 1 993) Automated DNA profiling employing mUltiplex amplification of short tandem 
repeat loci. peR Mefh. Appl. 3 :  1 3-22. 
Kimpton, C., Fischer, D., Watson, S . ,  Adams, M. ,  Urquhart, A, Lygo, 1 .  and Gill, P. 
( 1 994a). Evaluation of an automated DNA profiling system employing mUltiplex 
amplification of four tetrameric STR loci. Int. J. Leg. Med. 1 07, 1 - 1 0 . 
Kimpton, C., Gill, P. ,  Urquhart, A, Walton, A, Adams, M.,  Watson, S. and Millican, 
E. ( 1 994b). Automated DNA profiling employing multiplex amplification of short 
tandem repeat loci, in Bar, W.,  Fiori, A and Rossi, U. (Eds), Advances in Forensic 
Haemogenetics 5 ,  Springer-Verlag, Berlin pp. 309-3 1 1 .  
Kimpton, C, Gill, P. ,  D' Aloja, E.,  Anderson, J . ,  Bar, W., Holgersson, S.,  Jacobsen, 
S . ,  Johnsson, V. ,  Kloosterman, A ,  Lareu, M., Nellemann, L. ,  Pfitzinger, H.,  Phillips, 
C. ,  Rand, S. ,  Schmitter, H. ,  Scheinder, P. ,  Stemersen, M. and Vide, M. ( 1 995). 
Report on the second EDNAP collaborative STR exercise. Forensic Sci. I nt .  7 1 , 1 37-
1 52. 
Kimpton, C., Walton, A and Gill, P. ( 1 992). A further tetranucleotide repeat 
polymorphism in the vWA gene. Hum. Mol. Genet. 1 , 287. 
Kind, S. ,  and OveIIIlall, M., Science Against Crime, Aldus Book Limited, Doubleday, 
US. 1 972. 
1 0 1  
Klintschar, M. ,  AJ Hammadi, N . ,  Lux, T. and Reichenpfader, B .  ( 1 998). Genetic 
variation at the short tandem repeat loci HumvW A, HumFXJI IB, and HumFESfFPS 
in the Egyptian and Yemenian. J. Forensic Sci. 43,  850-353 .  
Kratzer. A. and Bar, W.,  ( 1 996). Efficiency of 6 STR systems, HLA DQa. and the 
polymarker systems (PM) in paternity testing. Advances in Forensic Haemogenetics 
6 pp. 560-562. 
Lareu, M., Phill ips, C. ,  Carracedo, A., Lincoln, P . ,  Syndercombe, Court, D. and 
Thompson, 1. ( 1 994). Investigation of the STR locus HUMTH0 1 using PCR and two 
electrophoresis formats: UK and Galician Caucasian population surveys and 
usefulness in paternity investigations. Forensic Sci. Int.  66, 4 I -52. 
Lee. H., Lee, J., Han, G. and Hwang, 1.  (2000). Motherless case in paternity testing. 
Forensic Sci. I nt .  1 1 4, 57-65. 
Lewis, P. and Zaykin, D. (200 1 ). Genetic Data Analysis (GDA): Computer program 
for the analysis of al1elic data. Version 1 .0 (d 1 6b). Free program distributed by the 
authors over the internet from the GDA Home Page at 
http://lewis.eeb. uconn. edullewishomel software.htrnl 
Lewontin. R. ( 1 972). The apportionment of human diversity. Evol.  BioI. 6, 3 8 1 -398. 
Lins, A. M. et al. ( 1 998) Development and population study of an eight-locus short 
tandem repeat (STR) multiplex system. 1. Forensic Sci. 43, 1 1 68-80. 
Lorente, 1 . ,  Lorente, M. , Budowle, B. ,  Wilson, M.  and Villanueva, E .  ( 1 994). 
Analysis of short tandem repeat (STR) HUMVW A in the Spanish population. 
Forensic Sci. Int. 65, 1 69- 1 75 .  
Malcolm C.  ( 1 987). The United Arab Emirates A Venture in  Unit. 
1 02 
Mancuso, D. ,  Tuley, E. ,  Westifield, L., Worall, N. ,  Shelton-Inloes, B . ,  Sorace, 1 . , 
Alevy, Y. and Sadler, J. ( 1 989). Structure of the gene for human von Willebrand 
factor. J .  BioI .  Chern. 264, 1 95 1 4- 1 9527. 
McNally, L., Shaler, R., Baird, M., Balazs, 1 . ,  DeForest, P .  and Kobilinsky, L. 
( 1 989a) . Evaluation of deoxyribonucleic acid (DNA) isolated from human blood 
stains exposed to ultraviolet light, heat, humidity, and soil contamination. 1 . Forensic 
Sci. 34, 1 059- 1 069. 
McNally, L., Shaler, R . ,  Baird, M. ,  Balazs, I . ,  Kobilinsky, L. and DeForest, P. 
( 1 989b). The effects of environment and substrata on deoxyribonucleic acid (DNA): 
the use of casework samples from New York. J. Forensic Sci. 34, 1 074- 1 077. 
Miller, M. ( 1 997). Tools for population genetic analyses (TFPGA) version 1 . 3 :  A 
windows program for the analysis of aUozyme and molecular population genetic data. 
Computer software distnbuted by author. 
Miller, M .  ( 1 997). RxC: A program for the analysis of contingency tables. Free 
computer software program distnbuted by authors over the internet from the R x C  
Home Page at httpl !herb. bio .nau.edu/�millerlrxc.htm. 
Mohamed, Ahmed. (200 1 )  Analysis of Populations within the UAE using Tandem 
Repeat DNA Markers. Glasgow,UK.200 1 .  
Moller, A.,  Meyer, E .  and Brinkmann, B.  ( 1 994). Different types of structural 
variation in STRs: HumFESIFPS, HumVWA and HumD2 I S l l .  I nt .  J. Leg. Med. 
1 06, 3 1 9-323.  
Morland, N. ,  An Outline of Scientific Criminology, Philosophical Library, NY, 1 950. 
Neuhuber, F. and Radacher, M.  ( 1 997). A genetic study of the short tandem repeat 
systems vWA and THO I in an Austrian population. Forensic Sci. Int .  87, 2 1 1 -2 1 7 . 
1 03 
Paabo, S.  ( 1 985).  Molecular c loning of ancient Egyptian mummy DNA. Nature 3 1 4, 
644-645 .  
Peake, 1 . .  Bowen, D. ,  Bignell, P . ,  L iddell, M. ,  Sadler, 1 . ,  Standen, G .  and Bloom, A. 
( 1 990). Family studies and prenatal diagnosis in severe von Wille brand disease by 
polymerase chain reaction amplification of a variable number tandem repeat region of 
the von Willebrand factor gene. Blood 76, 555-56 1 . 
Perkin Elmer, ArnpliType PM+DQA 1 PCR Amplification and Typing Kit. New 
Jersy: Roche Molecular Systems INC, 1 995 
Phillip A. Sheeler., Donald E. Bianchi. Cell and Molecular Bio logy. John Wiley & 
Sons, Inc .  3rd. edition. 1 987. 
Pinheiro, M., Pontes, M.,  Huguet, M., Gene, M., da Casta, 1 .  and Moreno, P.( 1 996). 
Study of three AMPFLPs( D 1 S80, 3 '  ApoB and NYZ22) in the popUlation of the north 
of Portugai. Forensic Science Int. 79,23-29. 
Ploos V. and Reitsema R. ( 1 990). Tetranuc1eotide repeat polymorphisms in the vWA 
gene. Nucleic Acids Res. 1 8, 4957. 
Po Iymeropoulos, M., Xiao, H., Rat� D. and Merril, C .  ( 1 99 1 ). TetranucIeotide repeat 
polymorphism at the human tyrosine hydroxylase gene (TH). Nucleic Acids Res. 1 9, 
3753 .  
Puers, c.,  Hammond, H.A. ,  Jin, L., Caskey, C.T. and Schumm, J. W. ( 1 993) 
Identification of repeat sequence heterogeneity at the polymorphic short tandem 
repeat locus HUMTHO I [AATG]n and reassignment of alleles in population analysis 
by using a locus-specific allelic ladder. Am. J Hum. Genet. 53 :  953-958. 
Rand, S. ,  Puers, c.,  Showasch, K.,  Wiegand, P., Budowle, B. and B� 
B.( 1 992).Population genetics and forensic efficiency data of 4 AmpFLPs. Int. J. Leg. 
Med. 1 04, 329-333 .  
1 04 
Reynolds, R. ,  Sensabaugh, G. and Blake, E. ( 1 99 1 ) . Analysis of genetic markers in 
forensic DNA samples using the polymerase chain reaction. Analytical Chern. 63, 1 -
1 4 . 
Sajantila�A., and Budowle, B. ( 1 992). PCR Amplification of alleles at the D 1 S80 
locus: Comparison of a Finnish and a north American Caucasian popUlation sample, 
and forensic casework evaluation. Am. 1. Hum. Genetic. 50,8 1 6-825 . 
Saiki, R.. Bugawan, T . ,  Hom, G., Mullis, K. and Erlich, H. ( 1 986). Analysis of 
enzymatically amplified �-globin and HLA-DQa DNA with allele-specific 
oligonucleotide probes. Nature 324, 1 63- 1 66.  
Saiki, R . ,  Gelfand, D. ,  Stoffel, S . ,  Scharf, S., Higuchi, R., Hom, c., Mullis, K. and 
Erlich, H.  ( 1 988).  Primer directed enzymatic amplification of DNA with a 
thermostable DNA polymerase. Science 239, 487-49 1 . 
Sajantila, A, and Budowle, R ( 1 992). PCR amplification of alleles at the D I S80 
locus: comparison of a Finnish and a north American Caucasian popUlation sample, 
and forensic casework evaluation. Am. 1. Hum. Genet . 50, 8 1 6-825 . 
Sajantila, A ,  Pacek, P. ,  Lukka, M. ,  Syvanen, A, Nokelainen, P.,  Sistonen, P. ,  
Peltonen, L. and Budowle, R ( 1 994). A micro satellite polymorphism in the von 
Willebrand Factor gene: comparison of allele frequencies in different population 
samples and evaluation for forensic medicine. Forensic Sci. Int. 68, 9 ]  - 1 02 .  
Sebetan, 1 .  and Hajar, H .  ( 1 998). Analysis of the short tandem repeat (STR) locus 
HumvW A in a Qatari population. Forensic Sci. Int. 95, 1 69- 1 7 1 .  
Skowasch, K., Weigand, P.  and Brinkmann, R( 1 992). PMCT l 1 8  ( D 1 S80): A new 
allelic ladder and improved electrophoretic separation lead to the demonistration of28 
alleles. Tnt .  1.  Leg. Med. 1 05 ,  ] 65- 1 68. 
1 05 
Sinha, S . ,  Arnjad, M. ,  Rogers, c. , Hamby, 1 . ,  Tahir, 0.,  Balamurugan, K., Al­
Kubaidan, N. ,  Choudhry, A.,  Budowle, B. and Tahir, M.  ( 1 999). Typing of eight 
short tandem repeat ( STR) loci in a Saudi Arabian populat ion. For. Sci. I nt .  1 04, 1 43-
1 46.  
Sprecher, c.J . ,  Puers, c.,  Lins, AM. and Schumm, 1 .W. ( 1 996) General approach to 
analysis of polymorphic short tandem repeat loci. BioTechniques 20: 266-276. 
Strachan, T., Read, A,. Human Molecular Genetics. AMA Graphics Ltd. Preston,UK. 
1 997. 
Stryer, Lubert, .  B iochernisrty. Standford University. 1 st. edition. 1 999. 
Tahir, M.  Balamurugan, K., Tahir, U., Arnjad, M. ,  Ba Awin, M., Chaudhary, O. 
Hamby, J., Budowle, B. and Herrera, R .  (2000) . Allelic distribution of nine short 
tandem repeat ( STR), HLA-DQA 1 ,  and polymarker loci in an Omaru sample 
popUlation. Forensic Sci .  Int .  1 09, 8 1 -85.  
Tekeshita, H . ,  Meyer, E .  and Brinkmann, B. ( 1 997). The STR loci HumTPO and 
HurnLPL: population genetic data in eight populations. I nt .  1. Legal Med. 1 1 0 : 33 1 -
333 .  
Tjio, H .  and Levan, A ( 1 956) . The chromosome numbers of  man. Hereditas 42 , ] -6. 
The Utah Marker Development Group ( 1 995) A collection of ordered tetranucleotide­
repeat markers from the human genome. Am. J Hum. Genet. 57: 6 1 9-628. 
Thomwald, J . ,  The Century of the Detective, Harcourt, Brace & World, Inc., New 
York, 1 964, Translation, Richard and Clara Winston, 1 965. 
Thorwald, 1 . ,  Crime and Science, Harcourt, Brace & World, I nc . ,  New York, 1 966, 
Translation. Richard and Clara Winston. 
1 06 
Trabetti, E . ,  Galavotti, R .  and Pignatt� P. ( 1 993). Genetic variation in the Italian 
population at five tandem repeat loci amplified in vitro : use in paternity testing. Mol. 
Cell. Probes 7, 8 1 -87.  
Urquhart, A., Kimpton, C.P. ,  Downes, T.l .  and Gill, P. ( 1 994) Variation in short 
tandem repeat sequences--a survey of twelve micro satellite loci for use as forensic 
identification markers. Int. J Leg. Med. 1 07:  1 3-20. 
Van Oorschot, R., Gutowaski, S . ,  Robinson, . S " Hedley, 1 and Andrew, L ( 1 996). 
Humtho 1 validation studies of substrate, invironment and mixtures.J. Forensic Sci. 
4 1 .  1 42- 1 45 .  
Walsh, P . ,  Erlich, H .  and Higuchi, R .  ( 1 992). Preferential PCR amplificat ion of 
alleles: Mechanisms and solutions. PCR Methods and Applications 1 ,24 1 -250 
1 07 
o o . . •  � oIl ( 0 " 1 00) 4.! l.!i.Il (� 1 29 ) .\.:. i . ..! 4.l .ll1 \\....\ . .  1 :;  0 (jA � -' � .J -' ....r-- Y. '-r? -' � -"""' � 
(� 1 2 1 )  ��I -' (� 1 20) �\:i....&411 -' (I . .,.;..�. 1 2 1 )  ��I w4-J4J1 
6A 6:4;9"n .J �J.JJ\ .J ��\ � �\� �L..,'i\ �l.J� � $.l! 
�\�4 �\�\ �L..Ja...J\ 6A �'Wl �.ilfJ\ .J ��4l\ .J 4.:� �\ 
. (STR) �� 
.4JI.l.1J1 1\ I . . . {"-: (5"', �.JA 
� I 4,a.J&31 �'}04"JI �� 
4laJ\ �L....IJ.ll\ �J� 
4 ;11'1 f'i&- �14 �U..;: 
�� �'�4 0 ,,;.,.1\ �.;aJ\ U\).4�\ �J� �\")-.J uU\.::I o �li �Wa.n 
(STR) 
�i �I� JjA&- . J  
_L l\ � r r"" � 
o�\ �yJ\ w\.)l..�\ �t.:.. 
:uly!.1 
2004 �\� 
w� W� ·J  
_Ll\ � r r"" � 
o�\ �yJ\ wl.)t...)'\ �t.:.. 
i�1 �.;all ul.)L.t'JI 4.....0� 
� uL.aI.).ll\ i.l� 
� �,... � L.t U 
� .  f'.,-  � � 
rUil r\�4 0 ',iJ\ �j1Ll\ u\.J��\ �-J� 4\JJ uUl+.a ;�l! ��\ 
(STR) 
�I t...1i.o Uw,.) 
i�\ �.;alI ul.)L.t'JI 4.....0� 
WI �, ... - . i - W\ 4.a. .l  '� J �.--n u� 'J�' 
� .  f'.,- '?"" � • .J cs- .r-' . 
2004 �I� 
